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INTRODUCTION 
Mechanical proces s i ng to alter physical and possibly chemical 
properties is one attemp t t o i mprove the value of a feedstuff. 
Processing methods s uch as grinding and rolling reduce particle size. 
These methods may resul t in an increase in rate of passage through the 
digestive trac t but wi t h more total efficiency in utilization of 
nutrients . Th is has b een shown for roughages where grinding of hay 
resulted i n improved daily gain and fee d effi ciency over those obtained 
with unpro cessed hay. Reduction in part i cle size of concentrates has 
not shown t h e response i n daily gain as that for roughages. Rather, 
the main advantage for processin g of concent r ates has been improved 
feed effic iency. Excessively fine grinding of concentrates may induce 
more frequ ent cases of rumeni t is and other gastrointestinal upsets 
which are important . factors to consider when processing· such feedstuffs. 
A wide variety of concentrates is used in beef cattle finishing 
rations. Many have been subjec t ed to several methods of processing to 
investigate t he possibility of improving animal performance. Some of 
the more conventional grains for finishing cattle are corn, sorghum 
and barley . Traditionally , oats have been used in limited amounts for 
starting cattle on feed , wint e ring breeding flocks and herds, creep 
feeds and growin g type rations. However, oats are a major crop in 
South Dakota and availab i lity may make the grain an appropriate 
alternative as a major feed grain under favorable economic conditions. 
As a cattle feed, less supplemental protein is necessary when 
feeding oats due to the higher protein content. But, the energy value 
of oats is substantially lower than for corn, primarily due to the 
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high percentage of hulls. Lightweight oats are composed of a higher 
proportion of hulls, therefore more fiber, which is why the variability 
in oat test weight can play a major role in feeding value. A ration of 
oat grain is approximately equivalent to one composed of 60 parts whole 
corn grain and 40 parts alfalfa hay in crude fiber ·and total digestible 
nutrients. In view of this, oats must be considered as a substitute 
not only for concentrate but also for roughage. 
Oats are the fourth largest grain crop globally (Draper, 1973) 
and South Dakota rGnks first in oat production in the United States 
(USDA, 1979) . These facts, coupled with poorer performance from animals 
fed all-oat rations, indicated a need to try to improve the feeding 
value of oats and to more accurately describe the place of oats in 
growing and finishing rations for cattle. Therefore, these experiments 
were conducted to study whole, rolled and ground and pelleted oats as 
the sole grain without added roughage for feedlot steers. The experi-
ments included feeding trials along with studies on digestibility, 
nitrogen balance and rumen ferme~tation. 
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REVIEW OF LITERATURE 
Traditional Uses of Oats 
Traditionally, oats have been an important constituent of 
creep feeds, feedlot starter rations and breeding stock rations. The 
bulk associated with oat grain and the higher protein content in 
comparison to other feed grains are commonly considered to contribute 
to the value of oats in rations for lactating dairy cows, brood cows 
and breeding ewes. Ground oats have been reported to be nearly 
equivalent to corn for wintering cattle but are worth only about 85% of 
corn when included at 50% of finishing type rations (Morrison, 1956). 
Oats have been a popular feed in the past, and Morrison (1956) suggests 
this popularity has· led to overpricing of oats relative to their actual 
feeding value . 
In a trial with lactating dairy cattle, feeding values of 
pelleted wheat, corn, barley, milo and oats were compared for their 
effects on digestibility, lactation and feed intake when fed in a 
roughage to concentrate ratio of 60:40 (Tommervik and Waldern, 1969). 
Apparent digestion coefficients for dry matter protein, fiber and 
nitrogen-free extract were similar for all grains. Cows fed oat diets 
consumed more grain and total dry matter than those fed corn. Cows fed 
oats consumed more fiber and digestible protein than cows fed the other 
grains (P<.OS) and produced milk with a higher fat con~ent. This 
trial showed a preference by cows for milo and oats over the other feed 
grains (P<.OS). 
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Corah and Bishop (1975) investigated oats as a creep feed until 
weaning for autumn and spring calves. They reported average grain 
intakes of 2.6 kg per day over the entire period, with creep-fed calves 
making daily gains of 1.01 vs .72 kg per day for noncreep-fed calves. 
There was no advantage in later feedlot finishing for those creep fed. 
However, since creep-fed calves were heavier going into the feedlot, 
less time was required for them to reach market weight and finish. 
Oats fed to yearling Friesian steers on pasture produced improved 
daily gain response with increasing oat supplementation until the oats 
reached an ad libitum level (Morgan and Ronan, 1977). The trial 
showed a conversion rate of 10.1 kg additional gain per 100 kg supple-
mental oats. Presumably, the grain feeding would have increased 
carrying capacity of the pasture, but it was not mentioned. 
Other pasture studies using oats showed a combination of oats 
and linseed meal to give superior gains to those obta~ned with supple-
ments of oats, linseed meal or hay alone (Morgan and Saul, 1976). These 
workers also noted unsatisfactory responses in the feedlot when these 
calves were fed oats. They suggested the poor response was because the 
oats in this trial were abnormally low in protein, 9.4%. There was a 
fivefold increase in average daily gain when the oats were supplemented 
with linseed meal, .16 vs .86 kg per day (P<.01). 
Embry and Overbay (1976) examined processing of oats when fed 
at 2.7 kg daily with alfalfa hay ad libitum to wintering calves. They 
found no advantage for rolling the oats in comparison to feeding whole. 
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They reported gains in the order of .65 kg per day which are quite 
satisfactory for a wintering ration of this type. 
The several experiments cited have shown oats to be quite 
palatable for dairy cows as well as for creep-fed calves. Oats have 
increased gains of steers on pasture and also proved satisfactory as a 
supplemental concentrate to wintering feedlot calves. 
Oats in Gr owing-Finishing Rations 
Conventionally, the finishing grains of choice for beef cattle 
or sheep have been corn, sorghum or barley due primarily to their 
availability and to their high energy content. Other cereal grains 
may be available but either are not economically feasible or cause 
, 
management problems which make them undesirable as the major constituent 
of a finishing ration. Oats and wheat, even though their protein 
contents are more than adequate for feedlot cattle, have been considered 
to cause more management problems. While projected performance based 
on energy values for these two feedstuffs would make them appealing, 
feedlot trials often have not shown the results expected. 
Oerskov ~ al. (1974a) compared performance of lambs fed barley, 
maize, oats or wheat. These workers observed lower daily gain (P<.OOl) 
and feed efficiency (P<.001) for animals fed oats than for those fed 
the other grains. Lambs fed oats were noted to have lower feed intake 
than those fed maize, barley or wheat. Another trial by Oerskov et al. 
(1975) was conducted where lambs were fed diets of 100% barley and diets 
where whole oats were substituted for the barley at 7.5, 15, 30, 45 and 
100% of the ration. Lambs fed 100% whole oat diets had significantly 
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lower (P<.001) gain than for other treatment groups. It was also noted 
that feed required per unit of gain increased (P<.Ol) when levels 
greater than 7.5% oats were substituted for barley. 
Gartner and O'Rourke (1975) reported similar results in a 
substitution trial with cattle. Sixty and 90% levels of grain feeding 
were examined in this trial. Oats or wheat were fed as the sole grain 
during an initial period which lasted 63 days. After the initial 
period, one grain was substituted for the other until the steers 
started on oats were consuming wheat as the only grain source and vice 
versa. Steers started on oats and changed to wheat outgained and were 
more (P<.01) efficient than their counterparts at the 90% concentrate 
level. There were ~o differences noted between groups at the 60% 
grain level. Daily feed intake for wheat (8.13 kg) was substantially 
higher than for oats (5.88 kg), suggesting consumption problems when 
feeding oats. 
Feed consumption was noted as a pr9blem in a trial comparing 
James hull-less oats with whole corn grain (Jordan, 1954). Two of 
three trials in the study showed feedlot lambs consumed from .05 to 
.16 kg less grain per head daily when fed oats than when fed whole corn. 
Lambs fed the hull-less oats also were harder to start and to keep on 
feed. Both of the trials showed advantages in feed efficiency for 
lambs fed oats despite the depression in daily feed intake and weight 
gain. The one trial that showed no difference in daily feed consumption 
produced gain data which favored lambs receiving oat diets. Geurin 
et al. (1956) reported cattle fed crimped oats gained 1.05 kg per day 
compared to 1 .14 kg per day f or cattle fed rolled barley, but feed to 
gain ratios we r e essentially equal (oats, 8.55; barley, 8.50). 
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A Mich i gan State University demonstration conducted by 
Greathouse ~~· (1973 ) showed tha t cattle could be fattened on wHo le 
oats if it was not economical to ship i n h i gher energy feeds. Steers 
in this trial gained about .7 kg per day a nd had feed conversion ratios 
of 13.10. The general conclusion was that, while cattle could be 
finished t o the Choice grade with oats, energy level of the ration 
greatly limited the animal•s performance. 
The majority of feedlot trials where oat s were the main 
finishing grain have shown oats to be a slower and less efficient way 
to fatten sheep or ,cattle. However, while oat-fed animals are generally 
outgained, there have been occasions when they were more efficient. 
It has a lso been shown that cattle can indeed be finished to the Choice 
grade when offered a full feed of oats. 
Process ing Concentrates and Roughages 
To more fully understand the effects that f eed processing may 
have on oat grain, it is necessary to investigate h ow processing affects 
not only c oncentrates but also roughages. Process ing roughages has 
generally resulted in improved gain and feed efficiency . Processing 
concentrates usually improves efficiency of feed conversion only. 
Since oats have a high fiber content, the response from processing may 
differ from that obtained from other feed grain s. Oats are often fed 
in combinati o n with other grains and may serve as a partial substitute 
for roughage under such circumstances. Therefore, knowledge of 
processing effects in general may be important in comprehending how 
oats react to various methods of processing. 
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As a feed grain, oats are somewhat · unique. ~fuile the starch 
concentration puts oats in a concentrate classification, the fiber 
level, especially of lightweight oats, is nearly that of some roughages. 
It might be expected that processing oat grain would give benefits 
similar to those achieved from grinding hay and that processing would 
be more beneficial than often observed with other feed · grains. 
Conflicting results have been obtained when processing oats. Some of 
the questions raised in the subsequently summarized studies might be 
more readily answe~ed if test weights of oats used had been reported. 
Oats contain 12 to 13.5% protein (NRC, 1976) with a biological 
value that is perhaps best of all cereal grains (Peterson, 1976). Oat 
groats have higher protein and fat contents than other cereal grains 
but are lower in carbohydrates. However, starch content of oats is 
still the major constituent (MacArthur and D'Appolonia, 1979). The 
drawback is that whole oats contain an average of 30% hulls which are 
a low quality roughage with less TDN than wheat straw or oat straw 
(Morrison, 1956). The palea and lemma making up the oat hull are not 
fused as they are in barley. They tightly envelope the groat portion 
making either chemical or physical breakdown of the hull necessary 
for optimal use of the groat (Price and Parsons, 1979). Evans and 
Colburn (1967) noted almost no dry matter disappearance o~ whole oats 
from a nylon bag suspended in the rumen of steers for 48 hours. These 
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results illustrate the necessity for either thorough mastication of the 
grain or some form of processing to expose the more valuable portion of 
oats to maximize utilization. Kick et al. (1937) observed mastication 
patterns of steers fed various levels and grinds of alfalfa hay and 
corn grain. They reported decreased chewing time when all-earn or low-
hay rations were fed. While the preceding trial used corn as the 
experimental grain, it may be logical to conclude that decreased 
chewing time with increasing levels of concentrate is a fairly uniform 
response with various types of grains. Implications such as these have 
led to numerous trials investigating processing not only of oats but 
also of many other feedstuffs. 
In general, ~ grinding or grinding and pelleting roughages, either 
alone or as a ration component with concentrates, have resulted in 
improved daily gain,, feed conversion and feed iritake over long hay. 
Cate !:!. al. (1954) concluded this was particularly true with a lower 
quality roughage like timothy hay when compared to alfalfa hay. They 
noted increased gain and feed intake on the pelleted timothy rations 
that were not observed with the alfalfa rations. It was concluded that 
satisfactory gains can be obtained on low quality roughages if the feed 
is sufficiently altered to cause increased intake. 
Similar results were recorded when feeding pelleted hay and 
corn (Weir!:!. al., 1959), ground or ground and pelleted high- and low-
roughage rations (Woods and Rhodes, 1962) and long hay and corn vs 
ground or pelleted hay and corn (Fontenot and Hopkins, 1965)~ In all 
cases, pelleting of the roughage or complete ration resulted in 
increased feed consumption and usually improved weight gain. When 
gains were not improved by pelleting or grinding, the feed conversion 
ratios of animals fed processed roughages were superior to those for 
animals receiving unprocessed roughages. One other observation 
common to all three of these experiments was that fiber digestibility 
was decreased by grinding and pelleting. 
Results from other researchers which would substantiate the 
findings of previously discussed pellet studies are those of Kercher 
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and Hilston (1958), Hopkins et al. (1960) and Beardsley (1960). 
Feedstuffs incorporated into these trials were varying levels of long-
stem, ground and pelleted alfalfa hay and concentrate as well as varying 
levels of Bermudag~ass hay and snapped corn fed in pelleted form. 
Results obtained further support advantages reported for grinding or 
grinding and pelleting roughages with respect to weight gain, feed/gain 
and feed intake. In addition to decreased (P<.01) fiber digestibility 
when rations were pelleted, Hopkins et al. (1960) noted an increased 
(P<.Ol) incidence of rumen parakeratosis when rations were pelleted 
(38%) than with unpelleted (4%) rations. 
Cullison (1961) observed steers fed pelleted Coastal Bermuda-
grass hay and grain diets to be more efficient than steers fed long 
hay. In contrast to previously discussed research, lower intakes and 
daily gains were observed for pellet-fed steers. Animal performance 
was improved in a second trial where oat straw was provided as a 
portion of the ration for pellet-fed steers. Although an~mals 
consumed only .72 kg oat straw per head daily, an increase in gain 
from .75 t o 1.02 kg was noted. The . 3 kg per day improvement in gain 
would suggest an important role f or the form of roughage and/or 
particle size. 
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The use of high-concentrat e diets in the feedlot has urged 
researchers to study the value of process i ng all-concentrate or nearly 
all-concen trate finishing rations. 
Ol tjen ~ al. (1965b) compared cracked corn diets fed pelleted 
or unpelleted to feedlot cattle and reported slight depressions in 
gains for cattle fed pellets. They did report a nonsignificant improve-
ment i n f eed efficiency for the pelleted diets. 
In a summary of nine trials comparing high-concentrate meal 
to pelleted ration~, ~illiamson ~ al. (1 96 1) observed no difference 
in daily gains between ration forms. However , steers fed pelleted 
diets were more (P<.Ol) efficient. 
Barley and wheat in whole, rolled or pelleted form were fed to 
early weaned lambs to determine the effect of grain source and processing 
on performance (Tait and Bryant, 1973). There were no differences in 
gain or f eed intake between grain types. When comparing processing 
methods within grain types, whole grains produced better (P<.OS) gains 
than pelleted grains, with rolled grains being intermediate. Feed 
intake tende d to follow the trends for gain, wh ich may explain partially 
the differe nces in performance. 
Two trials conducted by Roberts (1964 ) c ompared the performance 
of steers fed dry-rolled barley with barley pelleted in wpole form. 
Results showed a slight advantage in gain for s teers fed the whole 
barley pellets with feed efficiency favoring the pellet-fed steers by 
4 to 10%. 
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Woods and Rhodes (1959) fed 55% corn diets in pelleted form in 
two feedlot lamb experiments. One trial showed 11% faster gains for 
lambs fed pellets, but there was no advantage for pelleting in the 
other trial. However, the latter trial did show increased consumption 
of the pelleted diets. Similar results from pelleting were obtained 
by Martin et al. (1978) when feeding high, low and control energy 
levels to Holstein steers. The concentrate portion of these diets was 
composed of 30% crimped oats and 50% cracked corn. The grain mix was 
fed either at 1% of body weight or ad libitum with varying levels of 
hay. Faster and m~re efficient (P<.OS) gains were noted for steers 
fed processed grains at the high energy level. Results obtained by 
Woods and Rhodes (1959) and Martin et al. (1978) may not be truly 
indicative of results from processing high-concentrate feedlot rations 
since they fed diets containing more hay than typically fed to 
finishing cattle. 
Owen et al. (1967) investigated the use of oat hulls as the 
only roughage for lambs by adding from 0 to 48% ground hulls to pelleted 
or nonpelleted concentrate diets. Feed intake was observed to increase 
with the level of oat hulls until they constituted 40% of the ration. 
Animals eating diets with 20% oat hulls consumed as much digestible -
energy as those fed rations without the hulls. It was noted that high-
hull rations fed in nonpelleted form showed feed intakes ~5% lower and 
weight gains 35% lower than were obtained with rations fed pelleted. 
This suggested that physical form may affect digestibility at a point 
where feed intake is no longer governed by digestive capacity but by 
energy density. 
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Steers fed rolled barley, whole oats or rolled oats appeared 
to regulate feed intake on an energy basis (Dinusson et al., 1973). 
Steers fed whole oats consumed more grain than those· fed rolled barley 
with the intake of rolled oats being intermediate. There were no 
significant differences in daily gain or feed efficiency between grain 
treatments in the study. Advantages in- feed efficiency for dry-rolled 
barley over whole or rolled oats were 22% and 13%, respectively. 
Feeding rolled barley produced gains approximately 10% better than 
either oat treatme~t. While these results show possibly important 
advantages for barley over oats, there was little difference in 
performance between oat treatment groups. 
Oerskov et al. (1974a) showed no advantage, as measured by 
weight gain or feed efficiency, for pelleting barley, maize, oats or 
wheat as opposed to feeding these grains whole to .lambs. It was 
reported that lambs fed whole grains carried more (P<.001) gut fill, 
and oat-fed lambs had more (P<. 001) gut f ·ill than lambs fed the other 
grains. Embry and Overbay (1976) also showed no advantage for rolling 
oats when fed at 2. 7 kg per head per day with ad libitum alfalfa haylage 
in wintering rations for calves. 
The preceding two trials are in general agreement with work 
done by Douglas and Nelson (1972). One trial conducted by these 
researchers compared whole and rolled oats in a feedlot trial with 
..., r r " " · r 
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cattle. Rolled oats showed a statistically nonsignificant 9% 
advantage in daily gain over gains produced by feeding whole oats. A 
second trial compared whole, rolled or ground oats. They found slight 
decreases in feed consumption as particle size decreased with 
essentially no differences in daily gain between oat treatment groups. 
Steers fed whole or rolled oats had quality grades of low Choice, 
while those receiving ground oats graded average Good. 
Other work has revealed some differences in carcass data, 
possibly attributable to processing or specifically to · oats. Mukhoty 
et al. (1970) observed no differences in daily gain, feed efficiency 
or feed intake between steers fed rolled barley or rolled oats. This 
experiment did show, that barley-fed steers had more internal fat, a 
lower proportion of lean and less adjusted absolute lean than steers 
fed rolled oats (P<.Ol). They suggested that barley provided more 
energy to the steers than oats and therefore the animals deposited 
more fat. Oats, on the other hand, provided a level of energy more 
efficiently used for lean growth. 
While it has been reported that oats contain a good source 
of crude protein, it appears that the hull must be at least partially 
removed to al. ow digestion of the grain. It was also reported that 
processing roughages may increase daily gain and feed intake and improve 
feed efficiency. However, processing is also generally accompanied 
by a decrease in fiber digestibility and a possible increase in rumen 
parakeratosis. Processing concentrates may improve daily , gains and 
primarily feed efficiency, but conflicting results are abundant. 
Effects of Grain ~ and Processing Method on Digestibility 
The bottom line for evaluating a processing method is its 
effect on daily gain and feed efficiency. While this is indeed the 
ultimate concern, it is an oversimplification of the complex factors 
involved in any biological system. Many of the alterations in animal 
performance due to any given ration treatment are the result of a 
corresponding alteration in the digestive physiology of the animal. 
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To more thoroughly understand effects of grain type and processing 
method on animal performance, digestibility, nitrogen balance and rumen 
fermentation studies have been conducted. 
Waldo (1973) reported starch digestibility of several grains 
in the rumen and in the total tract. Ruminal starch digestibilities 
of 94, 78 and 76% were noted for barley, corn and sorghum, respectively. 
More corn starch than barley starch escaped ruminal digestion, with 
sheep digesting corn starch better than did cattle. Sorghum was 
observed to be the least digestible of common starch sources, with 
cattle benefiting more than sheep from processing of sorghum. Barley, 
flaked corn, steam flaked sorghum, wheat and oat starches were about 
94% fermented in the rumen. Total tract digestibility of starch in 
these experiments was nearly 99%, although significant amounts of corn 
and sorghum starch escaped digestion when high levels of coarse particle 
grains were fed. 
Oat groats have a starch content of about 61% on a dry basis. 
Most of this is contained in the endosperm where 3 to 10 ~m granules 
clump together to form clusters of about 60 ~m. Oat starch has an 
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amylose and lipid content of approximately 25% and 1.4% compared to 
wheat starch at 22% amylose and .65% lipid. The amount of prime starch 
recovered from oats is inversely related to its protein content 
(MacArthur and D'Appolonia, 1979). 
Nottle (1971) investigated digestibility of oat and wheat grains 
when fed to sheep. Wheat proved to have higher digestible dry matter, 
organic matter, protein, nitrogen-free extract and energy than oats. 
Wheat also rated higher in starch equivalent, 83 vs 69, and had more 
digestible calories per gram of dry matter intake than oats. 
Kimberley (1976) fed whole wheat and oats at two-thirds of the 
dry matter intake to different age groups of cattle. He found no 
difference in dige~tibility between 6-month-old calves and 24-month-old 
steers. When comparing grains, contrary to results reported by Nottle 
(1971), oats were more digestible (P<.OS) than wheat, 72 vs 58%. This 
difference was attributed to the fact that cattle fed oats excreted 
less (P<.OS) whole grain than cattle fed wheat, 13 vs 31% of the fecal 
dry matter. This trial showed a correlation of r ·= -.99 between whole 
grain voided and digestible organic matter. Kimberley concluded that 
denser grains are more likely to escape rumination and therefore wheat 
would benefit more than oats .from processing. 
Two out of three trials conducted by Morgan and Campling (1978) 
showed digestibility of organic matter and starch was higher for oats 
than for barley. All trials showed higher cellulose digestion for 
barley diets. These workers found improvement in digestipility from 
rolling both grains, with barley benefiting more than oats from 
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processing. In contrast with the preceding results, Oerskov et al. 
(1975) found organic matter digestibility higher for barley (79%) than 
for oats (68.9%). Devlin et al. (1977) compared high fat oats to 
regular oats and found no differences in digestibility of the proxfmate 
constituents . 
Hastings and Miller (1961) compared sorghum and corn grains 
which were whole, roll-cracked, hammer mill-ground, steam-crimped 
and pelleted. They observed total solubles, reducing sugars, soluble 
starch and soluble protein contents to be quite similar for whole, 
cracked and ground forms of the grains. Pelleting gave an increase 
in total solubles and soluble starch as well as the highest gas 
production . Gas p~oduction was used as a measure of potential sugar 
level and an indicator of digestibility. All grains showed increased 
gas production when compressed or when water and heat were added 
except when grains were steam conditioned. 
Long ~ al. (1955) fed rations of 50% hay and 34% corn grain in 
unprocessed (long-stem hay and whole grain), ground or ground and 
pelleted forms to wether lambs. Higher (P<.01) digestibility of organic 
matter, dry matter, fiber and also nitrogen-free extract (P<.OS) was 
observed for unprocessed diets than for ground diets. Pelleting the 
ground diets improved digestibility of the various constituents to 
about that observed for the unprocessed rations. Crude protein 
digestibility was increased slightly by pelleting when compared to 
the unprocessed form and significantly so (P<.01) over the ground 
form. 
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Rations consisting of 65% timothy hay were found to have lower 
dry matter and gross energy digestibilities when fed in pelleted form 
(Oltjen et al., 1965a). A decrease (P<.05) in fiber digestibility 
also was noted to accompany pelleting. Hopkins~ al. (1960), Woods 
and Rhodes (1962) and Fontenot and Hopkins (1965) noted decreased 
fiber digestibility when high-roughage rations were pelleted. 
Oerskov ~ al. (1974a) observed no differences in organic 
matter digestibility due to processing when barley, maize, oats and 
wheat were fed whole or pelleted. Oats in either form was the least 
(P<.OOl) digestible of the grains tested. Another trial by Oerskov 
et al. (1974b) compared whole and pelleted barley, maize, oats and 
wheat. No effects ~n digestibility were attributable to processing, 
but oat rations had lower (P<.OOl) dry matter and organic matter 
digestibilities than the other grains. Oats did have significantly 
higher (P<.05) nitrogen digestibility than barley. A trial with 
lactating cows by Moe et ~· (1973) showed higher gross energy (P<.Ol) 
and cellulose (P<.05) digestibilities for cows fed corn than for cows 
fed oats. 
Whole and dry-rolled oats, barley or wheat fed with 2 kg pasture 
hay were compa red by Toland (1976). Dry rolling increased (P<.Ol) 
organic matter and starch digestibilities in all rations with improve-
ments being most marked for barley and wheat rations. Evans and 
Colburn (1967) reported higher rumina! digestibility for ground oats 
than for corn or sorghum when an in vivo bag technique was used. 
They suggested the lower rumina! dry matter digestion was a result of 
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slower availability and more postruminal digestion of corn and sorghum 
than of oats. 
Woods and Rhodes (1959) observed decreased (~<.OS) dry matter, 
organic matter and cellulose digestibilities when high-corn rations 
fed to lambs were pelleted. However, pelleted rations resulted in 
more retained nitrogen. Tait and Bryant (1973) fed whole, rolled or 
pelleted barley or wheat to lambs. They noted gross energy and protein 
were more (P<.05) digestible in wheat than in barley. Dry rolling 
improved (P<.05) protein digestibility for both grains. 
Offer et al. (1972) investigated the . effect of carbohydrate 
source on nitrogen flow through the duodenum of sheep. The researchers 
fed pelleted rations containing soybean meal as the protein source and 
either starch and/or paper as the energy source. Flow of amino acid 
nitrogen was greate~t when starch and paper were fed together in the 
ration. Amino acid composition of digesta leaving the rumen was 
constant under all regimes. Postabomasal nitrogen digestion suggested 
that amino acids gained from protein supplementation were available 
regardless of carbohydrate source. 
In another study by Offer et al. (1978), wheat starch, paper 
and combinations thereof were compared for their effects on nitrogen 
metabolism. Increased amino acid flow was observed with increased 
carbohydrate supplementation. Sixty-nine percent of total amino acid 
flow to the duodenum was of microbial origin. Energy re-released from 
a mixture of wheat starch and paper was utilized more efficiently for 
microbial protein synthesis than energy from either starch or paper 
alone. A synergistic effect of dietary constituents in promoting 
nitrogen flow to the duodenum was suggested. 
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Chamberlain and Thomas (1974) fed varying levels of chopped hay 
and a 50:50 barley-flaked maize grain mix. All diets showed a higHer 
nitrogen flow to the duodenum than nitrogen intake. They also noted 
a decrease in fecal nitrogen loss on higher concentrate diets. They, 
in agreement with Offer et al. (1972, 1978), concluded there were 
important synergistic effects between dietary constituents in promoting 
nitrogen flow to the duodenum. 
Miller and Payne (1964) said protein utilization depended on 
its concentration and not solely on total protein intake. According 
to them, protein ca~ories as a percent of total calories is a good 
indicator of protein utilization. They suggested animals given 
restricted amounts of feed burn increasing amounts of protein for energy. 
Thus, calorie intake and protein concentration are important to nitrogen 
balance. 
Studies comparing the effects of rolled barley or rolled oats 
on nitrogen balance in lambs were conducted by Davies (1968). It was 
observed that, while lambs fed barley consumed more (P<.001) total 
nitrogen and more (P<.OS) digestible nitrogen, oat-fed lambs had higher 
(P<.OOl) apparent digestibility of nitrogen. Barley-fed lambs had 
higher (P<.OOl) total nitrogen retention and nitrogen retained as a 
percent of digested nitrogen (P<.OOl). Lambs receiving oats consumed 
26% less dry matter than lambs receiving barley. Davies (1968) 
suggested particle size of the oat hulls may have had an influence on 
results. 
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An attempt to define optimum particle size of maize grain for 
maximum digestibility was made by Wilson et al. (1973). Four of six 
trials with cattle and sheep showed no advantage in dry matter digesti-
bility for grinding maize as opposed to feeding it whole. The other 
two trials by Wilson and co-workers showed rolled maize as well as 
coarse and fine ground maize to have better (P<.05) dry matter digesti-
bilities than whole maize. It was also· noted that grain kernels were 
not regurgitated along with the roughage. 
Church and Fox (1959) experimented with ground mixtures of 
alfalfa and grass hays fed to fattening lambs. One trial involved 
feeding hay which had been ground through 4.01 or 7.21 mm screens which 
revealed no advantage in weight gain for grinding. A second trial 
utilized hay which had been ground through 2.40, 4.81 or 6.41 mm screens 
and then made into 6.41, 9.61 or 12.82 mm pellets. Again, no influence 
of fineness of grind was found nor were there any differences in daily 
gain due to pelleting. 
Weir~ al. (1959) observed performance improvement (P<.01) 
for lambs fed alfalfa hay which had been ground through a 1.6 mm screen 
and made into 9.62 mm pellets when compared to long hay. Decreased 
fiber digestibility was noted for pelleted rations as .well as when 
30% barley was added to the pellets. Two steer trials were also 
conducted by these workers. The first compared long alfaLfa hay to 
that ground through a 1.2 rum screen and made into 5.21 mm pellets. 
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Pellet-fed steers gained faster and more efficiently than steers fed 
long hay. In a second steer trial, pelleted and meal rations with 0, 
30 or 60% concentrate were compared. As the concent!ate portion 
increased, performance on pelleted rations decreased relative to steers 
fed rations in meal form. 
Rolling sorghum, wheat, barley or oats was reported to increase 
susceptibili ty of these grains to rumen microbial attack with the least 
improvement observed for rolled oats. Particle size of oats had a 
large influence on the rate of dry matter disappearance from a ruminally 
placed nylon bag. Particles of 1.6 mm in size showed 10 to 20% more dry 
matter disappearance than particles of 3.3 mm in size (Nordin and 
Campling, 1976). T~ese workers concluded that rolling small dense 
grains was more effective than rolling oats since the high fiber content 
of oats should stimulate more chewing. 
Observations on effects of particle size on animal performance 
and rumen characteristics were made by· Hironaka et al. (1979). They 
fed a barley-oat grain mixture varying in particle size from fine to 
coarse, with 476 ~m to 1525 ~m geometric mean diameters. Animals 
receiving feed with particles intermediate in size ate more (P<.01) 
and gained fa s ter (P<.05) than steers receiving feed composed of fine 
or coarse particles. Rumen wall color darkened (P<.01), rumenitis 
incidence decreased (P<.05) and abnormal papillae decreased (P<.01) as 
particle size was increased. Number of rumen protozoa was noted to 
increase (P<.Ol) with increased particle size. It was suggested that 
rumen pH was lower in animals fed fine particle feed, and this may 
have been responsible for decreased protozoal numbers. 
Galyean ~ al. (1979b) fed 72% corn diets, whole or ground 
through 3.18, 4.76 or 7.94 mm screens, to four ruminally cannulated 
steers. Rumina! dry matter digestibility was lower (P<.05) for whole 
corn than for any of the ground grain. This resulted in increased 
intestinal dry matter digestibility (P<.05) of the whole corn diets. 
Total tract digestibility for whole corn was still lower than any of 
the ground corn diets. These researchers concluded that alteration 
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of whole kernels of corn more than mastication appeared necessary to 
maximize total starch digestion. There was very little difference with 
respect to dry mat(er digestion noted between the various fineness of 
grinds. 
There appears to be a fair amount of disagreement as to the 
effects of both grain type and processing effects on digestibility. 
Several reports indicate oats to be the least digestible in multigrain 
comparisons , while just as many indicate oats to be equal or superior 
to other feed grains. Many workers agree that small, dense, hard 
grains such as barley, wheat or sorghum benefit more from processing 
than a gra in such as oats. There does seem to be an advantage for 
processed oats over other processed grains with respect to increased 
nitrogen retention. It was also noted that · dietary s ·tarch source had 
an influence on nitrogen flow to the duodenum. 
24 
Factors Affecting Eating Patterns and Feed Intake 
An alteration either in formulation or in physical form of a 
ration may have a rather marked effect on feed intake. How often and 
how much an animal consumes is inseparably linked to performance, and 
control of factors affecting feeding habits is important. If a 
processing method can stimulate consumption or increase the efficiency 
of feedstuff utilization, the method has been successful. Since a change 
in particle size generally results in a corresponding change in feed 
intake, much research has been done on the impact of processing with 
regard to feeding behavior and feed consumption. 
Observations on the effects of ration form and roughage level 
with respect to feefting habits of steers were made by Putnam and Davis 
(1963b) . . The first of two trials by these workers showed that steers 
spent 31% less (P<.OS) time eating pelleted rations than ground rations. 
It was also noted that feeding time was 21% less on low-roughage (25% 
hay) than on high-roughage (89% hay) rations. The second trial yielded 
similar results with steers receiving pellets spending 30% less (P<.OS) 
time eating . Low-roughage-fed steers spent 26% less time eating. Both 
trials revealed pelleting caused a more marked decrease in feeding time 
on high-bay iets than on low-hay diets. 
Kick et al. (1937) investigated mechanical processing of feeds 
and the effect of mastication and rumination in steers. Various grinds 
of alfalfa bay were fed with and without whole or ground corn grain. 
Number of jaw movements decreased from grinding the hay i~ all cases. 
Animals appeared to chew ground corn more than whole corn with jaw 
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movements per unit weight of feed decreasing as consumption increased. 
Grinding the hay to less than .64 mm caused less time to be spent in 
rumination. Fine grinding of the hay or mixed rations resulted in 
fewer boluses ·regurgitated. Sometimes on these finely ground rations 
as many as six boluses were regurgitated before swallowing. Generally, 
all-concentrate rations reduced chewing and rumination to a minimum 
with four times as many jaw movements for whole alfalfa as for a 
similar amount of whole corn and protein supplement. 
Evans ~ al. (1973) studied changes in physical characteristics 
of digesta in the reticulorumen of cows. Samples taken from the dorsal 
sac were noted to be higher in dry matter than those taken from ventral 
sites. More coars~ particles were found in the dorsal sac. Digesta 
in the dorsa l area was noted to vary with the level of and time after 
feeding. The coarser particles in the dorsal sac were noted to be 
less dense (800 g per liter) than particles more frequently found in 
ventral areas of the rumen (1500 g per liter). Stratification of rumen 
contents was found to occur due to retention of newly ingested feed 
in the dorsal area. Rumination commenced when the low density particle 
concentration was at a maximum and subsided when low density particle 
concentration was at a minimum. This would agree with the decreased 
rumination time for steers fed ground rations reported by Kick et al. 
(1937). 
Among researchers evaluating physical and chemical factors 
affecting feed intake of the ruminant was Campling (1969), It was 
reported that removal of swallowed hay caused a continuance of feeding 
26 
and that intake was stopped when coarsely milled roughage, sawdust 
or polyvinylchloride were introduced into the rumen of sheep. Water 
added to the rumen in bladders to prevent passage also caused a decrease 
in feed intake. Campling stated that voluntary intake is closely 
related to rate of disappearance of digesta from the reticulorumen. 
Baile (1971) reported that feed intake is limited by rumina-
reticular distension. He also stated that intake may be limited by 
heat load due to insufficient heat flux to the environment, inadequate 
protein to energy ratios, dehydration, insufficient citric acid cycle 
substrate and social interactions. 
Other work by Baile (1975) suggested that feeding drive is 
controlled not onl~ by rumina-reticular distension and palatability 
factors but also by blood components. A sample of blood obtained from 
the gastroduodenal yein of sheep injected with lactic acid .was injected 
into the jugular vein of control sheep. The effect was a decrease in 
the strength and frequency of rumen contractions. 
Fulton ~ al. (1979) observed that steers fed wheat consumed 
less (P<.01) than those fed corn. Wheat-fed steers also experienced 
lower and more variable rumina! pH. Propionate levels increased with 
increased concentrate level of the ration. Lactate levels were noted 
to increase when propionate production fell off during adaptation to 
a high-concentrate diet. This fact, coupled with low· pH, is not 
conducive to the normal fermentation of lactate to propionate. 
Jones (1972) reported decreased feed intakes with. intraruminal 
infusion of propionate. Jones suggested that, since low pH causes 
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increased volatile fatty acid (VFA) absorption, perhaps high VFA concen-
trations in the blood had activated a feed intake shutdown mechanism. 
Trials by Montgomery and Baumgardt (1965), Baumgardt (1969) 
and Dinius and Baumgardt (1970) showed that calorie intake tended to 
control feed consumption in ruminants fed diets with high digestible 
energy concentrations. Specifically, these workers observed dry matter 
intake to increase as digestible energy per gram increased until 
rations contained 2.5 kcal per gram. At this point, dry matter intake 
decreased and digestible energy intake per unit metabolic weight 
remained static. 
As feed intake increased from maintenance energy requirements 
(M) to 2M, digesti~ility of dry matter, rumina! starch and total tract 
stprch was noted to decrease (Galyean et al., 1979a). Increased fecal 
starch was noted to accompany increased feed intake. This trial showed 
no apparent differences in rumina! VFA composition due to intake, but 
acetate tended to decrease and propionate increased with increased 
feed intake. 
It would appear that several factors are capable of controlling 
the feed intake of a ruminant. On low-energy density diets, animals 
tend to eat ·o satisfy physical distension, whereas rations with high 
energy cause animals to eat until caloric requirements are met. It has 
also been suggested that VFA and lactate concentrations have an 
influence on feed intake. Grinding of hay has in many cases resulted 
in increased feed intakes. However, the amount of time spent chewing 
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the feed and ruminating usually decreases with grinding. Similar 
responses have been noted as the proportion of concentrate in the diet 
is increased. 
Rumen Integrity, Microflora and Fermentation 
The foundation for productive performance in cattle and sheep 
is the rumen. It is the site for activities ranging from carbohydrate 
fermentation to bacterial protein synthesis. It may be argued that 
when dealing with the ruminant one is actually dealing with two 
organisms, the animal and the rumen. Ration composition, form and 
intake all play a vital role in the maintenance of integrity, the type 
of fermentat ion and the population of microflora in the rumen. 
Raun et al. · (1962) found total rumina! VFA production to be 
higher (P<. 01) when a 50:50 concentrate:roughage ration was fed than 
when the ratio was 80:20. There was a tendency for more propionate 
to be produced from the high-concentrate diet. These workers observed 
no effect on rate of gain between levels of concentrate fed. However, 
feed efficiency was improved with the high-concentrate diet. 
Wheat and corn were fed in varying combinations to yearling 
steers by Oltjen ~ al. (1966). They observed lower (P<.01) rumen pH 
and higher (P<.05) rumen ammonia levels in cattle fed 60 and 90% wheat 
rations. No difference in molar VFA ratios was reported, but total 
VFA concentration was greater (P<.Ol) on 60 and 90% wheat rations 
than on the same level of corn feeding. This would coincide with the 
lower pH values observed with steers fed wheat diets. 
Pellet ing a ration consisting of 34% roughage and 50% corn 
and cob meal r e sult ed in 20% more total VFA production than feeding 
this ration coarsely ground (Putnam et al., 1966). Lower pH values 
were obtained when rations were pelleted and when the hay portion of 
the diet was decreased. Decreased salivation per unit feed consumed 
was observed when pel l e ted diets were fed and it was suggested that 
this may influence feed consumption. 
Rhodes and Woods ( 1962) conducted several lamb trials when 
feeding r ations with 53% cor n grain and . 33% alfalfa hay. Rations 
consisted of either coarsel y or finely ground corn, mixed or pelleted 
with the hay. Fine grindi n g plus pelleting produced the lowest rumen 
pH values. All tripls by t hese workers showed a narrowed (P<.OOS) 
acetate:propionate ratio when rations were pelleted. Similar results 
were obtained by Woods and Luther (1962). These workers also demon-
strated t hat heat and moisture alone were insufficient to cause the 
narrowing of the acetate:p r opionate ratio observed with pelleting. 
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Absorption of VFAs produced during rumen fermentation occurs 
more readily with acidic r umen conditions (Gray, 1948; Masson and 
Phillipson, 1951). The work by Masson and Phillipson revealed that 
acetate ente s the blood by passing through the rumen wall more readily 
than propionate or bu tyr a te. Butyrate appears to be metabolized in 
the rumen wall to a l arge extent . Propionate entering the portal 
blood is metabolized by the liver and converted to glycogen. _In light 
of these facts, it was suggested that pe ripheral blood VFA concentra-
tion may n o t be a good indicator of VFA absorption from the rumen. 
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Effects of grain processing and particle size on physical and 
histological characteristics of the rumen have been investigated by 
several researchers. Hopkins ~ al. (1960) observed significantly more 
(P<.01) cases of rumen parakeratosis when rations were fed in pelleted 
form compared to nonpelleted rations. Rumenitis increased (P<.OS) as 
did number s of abnormal papillae (P<.Ol) when feed particle size was 
decreased (Hironaka et al., 1979). It was suggested that lowered 
rumen pH and increased rumenitis may have been responsible for the 
lowered feed intakes seen for steers fed the finer particles. 
Oltjen and Davis (1965) also observed abnormal rumen integrity 
when corn was fed in pelleted form as compared to cracked corn. Rumen 
epithelial color wap darker in steers fed pelleted diets. Corn-soybean 
meal combinations produced more papillary clumping than corn plus urea. 
Woods et al. (1963) noted accentuated rumen pigment as well as 
epithelial lesions in rumens of lambs fed pelleted diets. 
Cullison (1961) reported abnormal papillae and an absence of 
normal rumination when steers were fed pelleted rations as compared to 
steers fed nonpelleted rations. It was proposed that a more active or 
at least a different type of fermentation occurred when pellets were 
fed. 
Rumina! upsets due to high-concentrate or fine-particle diets 
may surface in the feedlot as acidosis. Acidosis, caused · by excess 
ingestion of feeds high in readily available carbohydrates, is probable 
during five critical periods according to Elam (1976). These periods 
are (1) starting cattle on feed, (2) graduating to higher concentrate 
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concentrate levels, (3) following changes in the weather, (4) long 
finishing periods and (5) with extremely hungry cattle due to feeding 
problems. Elam also reported many of the physiological changes 
associated with acidosis. These were (1) increased rumen and blood 
levels of lactic acid, (2) decreased rumen and blood pH, (3) increased 
rumen osmotic pressure, (4) destruction of gram(-) and proliferation 
of gram(+) bacteria, (5) decrease in rumen protozoa, (6) rumenitis and 
sloughing of rumen epithelium, (7) rumen stasis, (8) decrease in urine 
pH and (9) dehydration. 
Wheat was reported as the most conducive to development of 
acidosis, with corn and milo also being causative agents (Elam, 19?6; 
Slyter, 1976) . Sly~er reported that low pH conditions in the rumen may 
decrease microbial glucose utilization. Accumulation of free glucose 
not only causes proliferation of lactic acid-forming bacteria but also 
inhibits lactate utilization. 
Fulton ~ al. (1979) observed that only small amounts of 
lactate were present in the rumen after adaptation to high-grain 
rations. These workers noted wheat to be conducive to acidosis 
development . Koers ~ al. (1976) reported increased rumina! lactate 
with wheat d ·ets as compared to corn. Histamine, which tends to 
accumulate under acidotic conditions, was not observed to play a major 
role in acidosis. This last finding is in conflict w·ith work by Dain 
et al. (1955). These workers concluded that illness of sheep used in 
their acidos is trials was directly related to histamine l~vels in the 
ingesta. 
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The rumen microflora have been the object of study with respect 
to high-concentrate and processed rations. Eadie and Mann (1969) 
investiga ted microbial populations of young ruminants and feedlot 
steers. Feedlot steers fed barley had more fluid-like rumen contents 
than young calves fed similar rations. Ciliate protozoa, which may 
contribute to rumen stability, were eliminated on ad libitum high-
concentrate diets. Slyter et al. (1970) noted that protozoal numbers 
could b e increased when ad libitum rations were fed at restricted 
levels. 
Meyer et al. (1967) observed more bacterial protein synthesis 
with rat ions of readily fermentable carbohydrates, but protein quality 
did not change. 
The many interactions between specific bacterial species are 
too involved to completely discuss here. However, as concentrate 
increases as a portion of the diet, amylolytic bacteria, which form 
lactate, increase in number. Species that utilize lactic acid do not 
respond as fast to diet changes and their peak numbers lag about 4 weeks 
behind lactate formers. This situation can contribute to the develop-
ment of acidosis in ruminants being adapted to high-concentrate rations 
(Wolin, 1975; Mackie and Gilchrist, 1979). 
The physiology of the rumen appears to be directly affected 
by not only the form of feed ingested but also the type of feed. 
Total VFA concentrations have been reporte d to increase with increased 
roughage and decreased particle size. However, along with decreased 
particle size comes more frequent cases of rumen parakeratosis, abnormal 
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papillae and discolored ruminal tissue. Excessively fine particles 
and high-concentrate levels may l ead ultimately to the development of 
acidosis. Lactate plays an important role in acidosis in that lactate-
using bacteria do not increase in number as rapidly as lactate-forming 
bacteria. Thus, the ensuing manifes tation of the problem is lactic 
acidosis. 
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MATERIALS AND METHODS 
This research consisted of t wo feeding trials and two digestion 
trials which were conducted at different times. Therefore, procedures 
involved for each trial i n this study will be described in separate 
sections. 
Feedlot Trial 1 
This finishing trial compared whole and rolled oats as the sole 
grain for fini shing feedlot steers over 120 days from September 28, 1978, 
to January 26, 1979. Experimental animals were 36 Angus and Angus-
Hereford steers weighing about 350 kg which had been purchased about 
45 days prior to t~ trial . Following del ivery t o the feedlot, they 
were fed ad libitum corn silage until the star t of the trial. 
shelter. 
bunks. 
The steers were fed in paved, open pens without shade or 
The pens were 7.01 x 7.92 m with fence-line, concrete feed 
2 
This allowed 1.17 linear meters of bunk space and 9.25 m of 
total area per animal. Oat straw was used for bedding as needed. Water 
was provided constantly from automatic waterer s equipped with electric 
heating elements . 
At the beginning of the feeding trial, all 36 steers were 
weighed in early morning before feeding. The next day, following a 
16-hr stand without feed and water, a shrunk weight was taken. Animals 
were stratified by weight and breed group and then randomly allotted 
within weight groups to six pens of six animals each. Oat treatments 
were randomly assigned to pens with three pens fed whole and three fed 
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rolled oats. Animals were weighed i ndividually every 28 days throughout 
the trial with final filled and shrunk weights taken at termination in 
the same manner as at initiation. 
I 
The processed oat grain was dry-rolled to a degree of fineness 
to eliminate intact kernels. Table 1 shows proportions of several 
600-g samples of the rolled oats passing thr ough various sieves. Very 
little of the rolled grain remained on the l argest screen, with the 
major port ion of the rolled oats particles being between 2.8 and 
4.0 mm in size. 
TABLE 1. ROLLED OATS PARTICLE SIZE (PERCENT OF 
SAMPLE PASSING VARIOUS SIEVES ) 
Sieve size 
4.00 1.00 
mm~----------2~·~83~mm ___________ 1~._4_1 __ mm __________ ~mm~--
97.1 6 46.33 12.98 7.81 
Tab le 2 shows the weight per unit volume of the oats as they 
were fed to the cattle. Densities were determined b y weighing 1-liter 
samples. Al l oat s wer e from the same source. Thus, table 2 shows 
density d ifferences between the two forms of grain as f ed. 
A corr b ased supplement composed of 75% ground corn grain, 15% 
ground limestone and 10% trace mineral salt was fed in p e l l eted form 
(6.350 mm diameter) at .45 kg per head daily. This was the only other 
ration const ituent besides oats once the cattle were on f ul l f eed. 
The cat tle were adapted to the oat rations over a 10-day period 
during which t~1e a corn-silage and alfalfa-brome haylage mixture was 
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TABLE 2. TEST WEIGHT OF OATS 
FEEDLOT TRIAL 1 
Item G per liter 
'Ylhole oats 496 
Rolled oats 340 
fed in decreasing amounts while increasing the grain. Once the roughage 
had been eliminated, animals were fed ad libitum. Some difficulty was 
encountered in the changeover to all concentrate which was compounded 
by a feeding error that increased the grain more than scheduled for 1 
day. Steers fed rolled oats were more adversely affected and one steer 
died from acidosis ... 
A horizontal scale-mounted mixer was used to batch mix feed for 
each pen. Feed refusals were weighed back as deemed neces~ary during 
the trial and deducted from that offered. 
Feedstuffs were sampled each time a new batch of oats or 
supplement was delivered to the feedlot and analyzed for Kjeldahl 
nitrogen (N), ash and moisture. Initial moistures were determined by 
drying the samples at 100 C for 24 hours. Analyses for feedstuffs 
used are presented in table 3. 
After about 2 months on experiment, all animals were given 
120 m1 of Warbex (13.2% Famphur) as a pour-on treatment for grub and 
lice control. 
Upon termination of the trial, the steers weighed . approximately 
473 kg and were marketed. Carcass data collected were carcass weight, 
TABLE 3. ANALYSES OF FEEDSTUFFS FOR FEEDLOT TRIAL 1 
(DRY BASIS ) 
Feedstuffs Moisture Ash Crude protein 
% % % 
Whole oats 10.49 3.80 14.19 
Rolled oat s 11.06 3.89 14.65 
Supplemen t 9. 61 25.01 8.56 
quality grade , yield grade (government grader estimates) and percent 
kidney, pelv i c and heart fat. 
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Data from this experiment were analyzed by analysis of variance 
as a random block design with fixed treatments and three random blocks 
or replicat ions (Steel and Terrie, 1960). Since there were only two 
treatments, differences between trea tment groups in average daily gain, 
feed efficiency, average daily ration as well as carcass data were 
compared by an F-test. 
Feedlot Trial 2 
A 180-day growing-finishing trial comparing effects of whole, 
rolled and ground and pelleted oats on steer performance was conducted 
from J une 7 to December 4, 1979. A group of 96 an i mals averaging 288 kg 
composed of 48 Herefords, 24 Hereford-Angus and 24 Limousin-cross steers 
was used. These steers were part of several l arger groups of cattle 
that had been purchased for other experiments and had been maintained 
on alf a lfa-brome haylage for approximately 2 months prior· to initiation 
of the experiment. 
Initial fil led and shrunk weights were taken as for trial 1. 
Animals were stratified by weight and breed group and then randomly 
allotted t o 12 pens of eight animals each by the AGNET "Sortanimal" 
program (Univers ity of Nebraska). Pens were then assigned to whole, 
rolled or pelleted oats treatments, result ing in four pens and 32 
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animals per treatment. Steers were individually weighed every 28 days 
during the trial with final filled and shrunk weights taken at 
termination of the trial in the same manner as at initiation. 
Pen descript ions, feeding procedure and handling of orts were 
as described f or feedlot trial 1, except t hat l inear bunk space was 
2 reduced to .88 m and area per head to 6.94 m bec ause of the increased 
number of steers per pen. 
All 96 head were ear tag identified and v accinated for pro-
tection against Clost ridium perfringens, ~ septicum, ~ novyii and 
~ sordelli. They were also treated with 120 ml of Warbex (13.2% 
Famphur pour-on) for grub and lice control and dewo rmed with injectable 
Tramisol. 
Again, cattle were adapted to the oat rations over a 10-day 
period with alfa l fa-brome haylage fed in decreasing amounts while the 
oats was i ncreased. Once the roughage had been e liminated, steers were 
fed ad lib itum. A pelleted (6.350 mm diameter ), corn-based supplement 
(table 4) wa s fed at .91 kg per head per day and was the only other 
ration const ituent once the cattle were on feed . 
The r olled oats fed in this trial were obtained by dry-rolling 
the whole grain through a Roskamp roller mill se t so tha t t he rollers 
TABLE 4. SUPPLEMENT FORMULA FOR FEEDLOT TRIAL 2 
Ingredient 
Ground corn grain b 
Dicalcium phosphate 
Ground limestone 
Potas sium chloride 
R 
. c 
umens1n d 
Vitamin A 
Trace mineral salt 
79.02 
.so 
11.80 
3.40 
.17 
.11 
5.00 
a After animals reached an average weight of 
364 kg, monensin sodium level increased from 
.17b to .25%, replacing an e qual weight of corn. 
18.5% phosphorus, 23.1% calcium. 
~ Monensin sodium, 132 g per kilogram. 
30,000 IU per gram. 
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barely cleared each other. Pelleted oats were obta ined by grinding the 
whole grain through a Prater hammer mill with a 9.525-mm screen and 
then pelleting throu gh a 6.350-mm die in a California pellet mill at 
approximately 72 C. Table 5 shows mean proportions of several samples 
of each processed grain type passing through various sieves. 
TABLE 5. ROLLED OATS AND PELLETED OATS PARTICLE SI ZE (PERCENT OF 
SAMPLE PASSING VARIOUS SIEVES ) 
Sieve size, nnn 
4.00 2.83 2.00 1.41 1. 00 .so .425 
Rolled oat s 23.81 5.41 3.28 1.68 .565 
not 
96. 75 used 
Pelleted oatsa not 99.11 81.45 65.77 44. 2 7 . 14.73 10.34 used 
a Samples taken after grinding but before pelleting . 
40 
Table 6 shows the weight per unit volume of each oat form fed 
in this experiment. As in feed lot trial 1, all oats had the same origin 
and the following table portrays density differences in grain forms as 
they were fed to the cattle. 
TABLE 6. TEST WEIGHT OF OATS 
FEEDLOT TRIAL 2 
Oats 
Whole 
Rolled 
Pelle ted 
G per 
liter 
505.8 
341.5 
588.7 
Feeds tuffs were sampled once every 7 to 10 days and analyzed 
for Kjeldahl N, ash and moisture. Initial dry matter determinations 
were made by placing samples in a 70 C drying oven for 48 hours. 
Analyses for feedstuffs used are shown in table 7. 
TABLE 7. ANALYSES OF FEEDSTUFFS (DRY BASIS) 
FEEDLOT TRIAL 2 
Crude 
Feedstuffs Ash Erotein 
% % 
Whole oats 3.73 14.08 
Rolled oats 3.72 14 .• 16 
Pelleted oats 3.89 13.94 
Supplement 24.60 8.11 
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After 63 days into the t rial, an implant study was incorporated 
into the oats experiment with fou r implant treatments balanced across 
oat treatments . Implant type s under study were nonimplant control, 
Synovex-S, Ralgro at the t rad i tional site in mid-ear and Ralgro 
implanted in t h e muscle a t the cauda-ventral base of the ear. The 
implant study was no t star t ed unt i l day 63 o f the oats experiment to 
insure the exp irat ion of a ny previous imp lants administered to the 
steers. 
During the course of this trial, one steer being fed pelleted 
oats died from bloa t . Another steer on t he pelleted oat treatment 
became injured while being treated f or bloat and had to be removed from 
the experiment . O~e steer receiving whole oa t s was remov ed from the 
experiment and a post- mortem examination failed to reveal the cause of 
death. Feed con s umption was adjust ed in e ach case on basis of time on 
experiment and ani mal weight . Weight data for these an i mals were 
excluded f rom t h e r e sults. 
The oat p roces sin g por tion of t h is study was carried out only 
until steers reached 445 k g and no t comp l etely to market weight. By 
day 180 it was determined that performance was fal l i ng of f such that 
the most feasib l e alternative was to terminate the oats project and 
finish the steers out on corn . It was decided tha t 180 days was a 
sufficient time period to evaluate the effects o f oat p rocessing on 
steer feedlot performan ce and that it was more economical t o f atten 
the steers as qu ickly as possible on a higher energy grai~ . Because 
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of this situation, no carcass da ta were collected on the steers that 
would b e val i d fo r use in the oat processing experiment. 
Feed l ot data from this stu dy were evaluated by analysis of 
variance as a random block design with fixed treatments, fixed blocks 
and a 3 x 4 factoria l arrangement o f treatments. Implant types served 
as replications for the oat processing t rial. Comparisons between oat 
treatment groups were made by Tukey' s w pr ocedure when a significant 
difference was indicated by a preliminary F-test (Steel and Terrie, 
1960) . 
Digestion and Rumen Fermentation Trial l 
Digestion trials were conducted i n conjunction and concurrently 
, 
with feedlo t trial 2. On June 8, 1979, 12 Angus steers weighing 
approxima tely 270 kg were transferred from the Bee f Cattle and Sheep 
Nutrit ion Unit to the large animal metabolism rooms in the Animal Science 
Complex . Animals were stratified by weight a nd allotted to a whole, 
rolled or pelleted oats treatment resulting in f our animals p er 
treatment. The steers were fed once daily a t approximately 0700. Steers 
were adapted to all oat ra tions and fed ad libi tum in the same manner 
as the c attle in feedlot trial 2 except that t he day 1 ration was fed 
for 3 days. Approximately 1 month was allowed for the animals to adjust 
to their surround ings and rations before they were placed in digestion 
crates. During this time, which inclu ded adaptation to all-concentrate 
rations, animals were housed in 1.83 m x 2.44 m pens with slatted floors 
and automatic waterers . Also during this time, rumen fluid samples were 
drawn from 11 of the 12 steers by stomach-tube suction-strainer as 
describe d by Raun and Burroughs (1962). One steer on the rolled oats 
treatment was not sampled due t o his very uncooperative disposition, 
but the remainder were sampled on June 11, 14, 18, 21, 25 and 28 for 
a total o f 66 observations . 
Rumen samples were taken appr oximately 3 hr post-feeding at 
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which t ime approximately 20 ml of f luid were withdrawn and discarded. 
Then, an additional 40 ml were drawn , exami ned to insure absence of 
saliva and pH determinations made immediately by means of a Sargent-
Welch Model NX pH meter. Samples were then placed in 50 ml, polyethylene 
centrifuge tubes with 1 ml HgCl (5%) t o stop fermentation. After all 
sample s had been drawn, the tubes were centrifuged at 9750 g for 30 
min in a Sorvall SS34 centrifuge. Twenty ml of supernatant were drawn 
off, put in storage bottles with 4 ml of me t aphosphoric acid (25%, w/v) 
for d e proteinization and frozen at -5 C un t i l VFA analyses were done. 
During the 1-month period used to accustom the animals to their 
surroundings and rations, two steers developed coccidiosis. They were 
each treated for 4 days and had returned to normal by about a week 
before initiation of the digestion trial. 
On July 3, 1979, 10 of the 12 steers were weighed without shrink 
and placed in digestion crates. Two steers on the rolled oats treatment 
were no t used because of temperament problems , so there were four steers 
each on whole and pelleted oats and two steers on rolled oats. One week 
was allowed for animals to adjust t o the crates before collection 
started. The digestion crate frames were .61 m x 1.83 m x 1.40 m of 
metal p ipe construction with wooden fl ors except for a .61 m square 
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expanded metal section in the middle with a large tin funnel underneath 
for urine collection. Crates were raised about .61 m off the floor 
and stood on wheels so they could be moved. They were equipped with 
Clay cup waterers, metal stanchions and feeders designed for minimizing 
feed spillage. Stanchions could be moved forward and backward to allow 
the animal to defecate just over the rear edge of the crate floor. 
The total collection period was conducted for 5 days from the 
afternoon of July 9 to the morning of July 14, 1979. Steers were fed 
an amount of feed such that they left about 5 to 10% each day. Feed 
refusals were weighed back each day, dried at 70 C for 48 hr and stored 
in tared paper sacks in metal garbage pails until analysis was done. 
Approximately 450-g samples of feed offered were taken, dried and 
stored each day of the collection period as well. 
Feces were collected in large metal pans and weighed twice 
daily on a Toledo scale. After mixing feces thoroughly with a spatula, 
10% samples were taken and placed in tared, metal pans. These samples 
were dried at 70 C for 48 hr for dry matter determinations and then 
placed in tared paper bags and stored in metal garbage pails until the 
collection p eriod was over. After the last collection, dried fecal 
samples were crushed with a hammer, passed through a riffle and ground 
through a 1-mm screen in a Wiley mill prior to analysis. Dried fecal 
samples, orts and feed samples were analyzed for Kjeldahl N, ash and 
moisture according to AOAC (1975) methods. 
Urine was collected in small plastic containers with 10 ml of 
HCl and H
2
o (50%, v/v). Total urine excreted was measured for volume 
once daily after straining it through cheesecloth into 2000-ml 
graduated cylinders. Ten percent aliquots from each steer were saved 
daily, placed in a 1.9-liter jar and stored in an Enviro walk-in 
refrigerator at 4 C until the collection period was over. Urine was 
analyzed for Kjeldahl N to allow for nitrogen balance determination. 
After the digestion trial, animals were removed from their 
crates, weighed to determine if any gross weight changes had occurred 
and returned to the Nutrition Unit. 
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Approximately 7 months after rumen fluid sampling was 
accomplished, all samples were thawed, 1-pl aliquots drawn and analyzed 
for proportions of individual volatile fatty acids by means of a 
Varian Model 1800 gas chromatograph. This instrument performs 
hydrogen flame chromatography and is equipped with a 3.175 mm x 1.83 m 
stainless steel column packed with a 20% neopentyl glycol succinate and 
2% phosphoric acid stationary phase on a support phase of Chromasorb 
PAW 60/80 mesh. A Honeywell Electronic 16 Recorder equipped with a disc 
integrator was connected to the chromatograph for recording and counting 
the peaks. Chromatograms were adjusted for baseline drift and molar 
percentages determined for acetic, propionic and butyric acids. Iso-
butyric, val ·ric and isovaleric acids were also separated but were of 
very small proportions and were not included in arriving at molar 
percentages. 
Total VFA concentration was determined by means of a }mrkham 
steam distillation apparatus (Markham, 1942). Prior to distillation, 
5 rnl of the originally deproteinized rumen fluid were diluted to 50 ml 
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with redistilled water and three drops of concentrated sulfuric acid. 
Twenty ml of the dilution were introduced into the distillation 
apparatus and approximately 150 ml of distillate were collected. To 
this, three drops of phenol red (.08%) were added and titration was 
accomplished with .09N potassium hydroxide. Calculations for deter-
mination of total VFA concentration were as follows: 
pmoles/ml of VFA = (ml KOH) (N of KOH) x 1000 
(ml rumen fluid distilled) 
Digestion and Rumen Fermentation Trial 2 
On July 23, 1979, 15 Hereford steers were brought to the 
metabolism rooms, weighed and randomly allotted to oat treatments on 
basis of weight, resulting in five steers per treatment. All equipment, 
procedures and analyses were the same for this trial as for digestion 
trial 1. 
Rumen samples were taken on July 27, 31, August 3, 7, 10 and 
14, 1979, for a total of 90 samples. These samples were analyzed at 
the same time as those obtained from trial 1. One steer on this 
digestion trial developed coccidiosis and was treated similarly to 
steers in digestion and rumen fermentation trial 1 with the same 
problem. 
On August 26, 12 of the steers were weighed and put into the 
same digestion crates as those used in the first digestion trial with 
three steers, five steers and four steers on whole, rolled and pelleted 
oat treatments, respectively. The first fecal collection was in the 
afternoon of August 27 and the last in the morning of September 1, for 
a 5-day collection period. All f eed, arts, fecal and urine samples 
were handled exactly the same as described for digestion and rumen 
fermen tation trial I. On the fina l day of collection, steers were 
released from the crates, weighed and returned to the Nutrition Unit. 
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Analysis of variance tables (Steel and Torrie, 1960) for all 
analyzed parameters in the entire study appear in the appendix of this 
thesis . 
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RESULTS AND DISCUSSION 
Feedlot Trial 1 
Results of the feedlot performance for feedlot trial 1 with 
steers fed whole or rolled oats are presented in table 8 and statistical 
treatment of the data is in appendix tables 1 through 9. Observed final 
shrunk weights of steers fed rolled oats were only 2.5 kg greater than 
those for steers fed whole oats. However, carcasses of steers fed 
rolled oats were 7 kg heavier, indicating a faster rate of gain not 
evident on basis of live weight. Oerskov et al. (1974a) noted that 
lambs fed whole grains carried significantly more gut fill than lambs 
fed ground and pelleted grains. Weather conditions near the termina-
tion of this trial were such that the cattle were carrying substantial 
amounts of mud and manure. For these reasons, performance data have 
been expressed on the basis of carcass weight rather _ than final live 
weight determined by weighing. A carcass yield of 60% was chosen to be 
a typical one for weight and condition of the cattle and conditions 
of the experiment. 
Weight Gain. Cattle fed rolled oats had an 11% advantage in 
daily gain o ver those fed whole oats. l~ile this difference could 
be of cons iderable practical importance, it was not statistically 
significant (P>.20). Douglas and Nelson (1972) showed an advantage 
of 9% in gain for cattle fed rolled oats in comparison to whole oats, 
but the difference was also not statistically significant .. Dinusson 
et al. (1973) and Embry and Overbay (1976) reported no statistical 
TABLE 8. WHOLE VS ROLLED OATS LEAST SQUARES MEANS OF 
FEEDLOT PERFORMANCE DATA 
{SEPTEMBER 28, 1978, TO JANUARY 26, 1979--120 DAYS) 
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Whole 
I t em oats 
Rolled 
oats 
Rolled, 
~~ of 
who le 
Number of steers 18 17 ' 
Avg initial wt, k g 350 350 
Avg fina l wt, kg 465 476 
Avg daily gain, kg • 95 1.05 111 
Avg daily feed, kg a 9.23 8.95 97 
Feed/gain a 9.69 8.49 88 
a Average daily feed and feed/gain are for dry matter and based on 
the average of three pen observations per treatment . 
advantage in animal performance from processing oats fed at low levels 
with hay in comparison t o feeding whole. 
Rates of gain ob serve d in the trial were similar to those 
obtained by Geurin et al. ( 1956 ) wi th crimp ed oats and better than 
those obtained by Grea t house et al . (1973) with whole oats. Variations 
in animal performance with oa t feeding may be a reflection of test 
weight of the grain. Perhaps the oats fed by Greathouse and co-workers 
were of lighter weight and therefore contained a larger proportion of 
hulls and less energy value than oats fed by Geurin ~ al. (1956) or 
those f ed in this trial . 
Morrison (1956) su gges t ed that grinding oats was of no value 
to young ruminants , but yearlings o r olde r cattle may benefit from oat 
processing. Kimberley (1976) , on the other h a nd, found no differe nce 
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in dry matter diges tibility of whole wheat or oats between 6-month-old 
calves and 24-month-old steers. 
Feed Consumption . Feed consumption was slightly less (2.n%) 
for cattle fed rolled oats. Douglas and Nelson (1972) and Dinusson 
et al. (19 73) also observed feedlot steers to consume slightly less 
feed as particle size of oats was reduced by processing. Feed consump-
tion when feeding oats has been noted to be a problem by several 
researchers (Jordan, 1954; Oerskov et al., 1974a; Gartner and O'Rourke, 
1975). Similar to a problem reported by Jordan, some difficulty was 
experienced in getting the steers in this experiment to a full feed of 
the rations. However, the average dry matter consumption of about 
9.1 kg over the entire trial seemed reasonable for the weight of the 
cattle used in the s t udy. 
Feed Efficiency. Steers fed rolled oats had an advantage in 
feed efficiency amounting to 12% (P>.10). This difference was similar 
to that observe d for weight gain and was of a magnitude to be of some 
practical importance. There was some variation between replications. 
This fact, coupled with the small number of observations, probably 
contributed t o the 12% difference being statistically nonsignificant. 
No advantage in feed efficiency for feeding rolled oats over whole oats 
was repor ted by Dinusson et al. (1973) and Mukhoty et al. (1973). 
Benefits attributable to rolling are most likely due to the 
breaking of seed coats and increasing the surface area available for 
digestive action. Therefore, it would seem logical that small, dense 
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kernels with hard seed c oats swallowed with little or no chewing 
would b e benefited more f rom processing than would a coarse grain such 
as oats. Kimberley (1976 ), Toland (1976) and Morgan and Campling (1978) 
found digestibility of organic matt·er and dry matter to be improved more 
by dry rolling of barley and wheat than for oats. Since efficiency of 
utilization is manifested in t he form of units feed to units gain ratio, 
the f i nding of no significan t difference between treatmen t groups in 
feed e f ficiency would lend s upport to the results of the aforementioned 
workers. 
Carcass Data. Carcass data are sho'vn in table 9. There were 
no statistically significant dif f erences between treatment groups 1n 
quality grade, yield or percent k i dney , pelvic and heart (KPH) fat. 
Carcass data for each treatment g roup are for only 17 cattle. As 
ment i oned in Materials and Methods , one steer in the rolled oats group 
died f rom acidosis. In the whole oats group, the loss of data occurred 
during the slaughter operation. 
The steer carcasses averaged l ow Choice in quality grade. 
This agreed with research conducted by Dougla s and Nelson (1972) and 
Greathouse et al. (1973) who also showed that cat tle could be fed to 
the Choice grade with oats. 
Yield grades shown are mea n s of those designated by the 
government grader . A slight anomaly may appear to exist in that 
the carcasses from the rolled oats group h a d lower yield grades and 
mor e i nternal fat as indicated by the amount o f KPH fat. Apparently, 
the carcasses of steers fed rolled oats had l e ss fat covering and/or 
TABLE 9. WHOLE VS ROLLED OATS LEAST SQUARES 
MEANS OF CARCASS DATA 
Whole 
Item oats 
Number 17 
Carcass wt, k g 279 
Quality grade a 19.0 
Yield grade 2.7 
KPH fat, %b 2.42 
a 18 = high Good, 19 = low Choice. 
b KPH = kidney, pelvic and heart fat. 
Rolled 
oats 
17 
286 
19.4 
2.4 
2.67 
larger longis s imus muscles t o compensate for having more KPH fat. 
However, since fat thickness and longissimus muscle area were not 
obtained, an explanation for the anomaly can be only speculative. 
Feedlo t Trial 2 
Weight Gain. Results of feedl ot performance for feedlot 
trial 2 for steers fed whole, rolled or ground and pelleted oats are 
presented in table 10. Statistical t reatment of the data appears in 
appendix tables 10 through 12. Steers fed ground and pelleted oats 
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gained faster (P<.05) than steers fed whole or rolled oats. Those fed 
whole o r rolled oats gained a t virtually the same rate. Results 
differed from feedlot trial 1 i n that steers fed rolled oats did not 
numerically outperform those f e d whole oats. However, results would be 
in agreement with work by Douglas and Ne l son (1972) and Dinusson ~ al. 
TABLE 10. WHOLE, ROLLED AND PELLETED OATS LEAST SQUARES 
MEANS OF FEEDLOT PERFORMANCE 
(JUNE .7 TO DECEMBER 4, 1979--180 DAYS) 
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Whole Rolled Pelle ted 
Item oats oats Oa.tS 
Number of steers 31 32 30 
Avg initial wt, kg 291 289 288 
Avg final wt, kg 440 438 456 
Avg daily gain, kg .84a,b .83a .93 b 
Avg daily feed (dry), kg 7.68 7.16 7.43 
Feed/gain (dry) 9.1Sa 8.68a,b 7 .97b 
a,b Means in the same row with different superscripts are 
statist ically significant (P<. 05). 
{1973) who reported small or no advantage for rolled oats over feeding 
whole oats. 
The pelleted oats crumbled when handled. Similar observations 
wer e reported by Putnam and Davis (1963a) who noted oats to be unfavor-
able to pellet stability. Steers fed pelleted oats had the highest 
rate of gain in the experiment. Many researchers have not found a 
particular advantage in weight gain for pelleting concentrates, but 
rather pelle t s contributed to improved feed efficiency (Willia~on 
et al., 1961; Oltjen ~ al., 1965b; Tait and Bryant, 1973). Roberts 
(1964) reported that pellets made from whole barley produced better 
gains than dry-rolled barley when fed to steers. With specific regard 
to pelleting oats, Oerskov ~ al. (1974a) showed no advantage for 
pelleting as measured by weight gain or feed efficiency. 
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A factor having some possible influence on the better 
performance of steers fed pelleted oats in comparison to those fed 
whole or rolled oats may be that of supplement sorting. There were 
times during the trial when steers receiving whole or rolled oats 
sorted out and failed to consume their supplement. The steers receiving 
pelleted oats and supplement did not appear to do this and therefore 
ate all their allotted supplement. Monensin was one constituent of 
the supp lements and any lack of consumption by the whole or rolled oats 
groups could have contributed to their poorer performance. 
Most particles of the ground oats before pelleting were between 
1.00 and 2.83 rom, while about 75% of the rolled oats particles were 
between 2.83 and 4.~0 millimeters. The fact that steers fed pellets 
outgained steers fed whole or rolled oats would concur with results 
reported by Nordin and Campling (1976). These workers found oats, 
barley, wheat and sorghum with particles of 1.6 mm in size to have 10 
to 20% greater dry matter disappearance from a ruminally placed bag 
than when particle size was 3.3 millimeters. One would anticipate dry 
matter disappearance measured this way to be related to digestibility 
and digestibility to be related to animal performance. These 
researchers also concluded that the processing of small, dense grains 
was more effective than processing for oats due to the high fiber 
t t Of 
oats which should stimulate chewing. 
con en 
Feed Consumption. There were only small differences in feed 
---------
t atrnents However, these differences did correspond intake between re . 
h es 
in particle size. Since only pen observations were available 
to c ang 
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for this parameter, the two-factor interaction of oat treatment x 
implant treatment was used to test main effects as noted in appendix 
table 11. Using this procedure, there were no statistically significant 
differences in feed consumption between oat treatment groups or implant 
treatment groups. It should be mentioned that implants have been under 
study for many years and no evidence has been reported to indicate that 
one feedstuff or processing method should be used with a specific 
implant to increase feed intake. The author is of the opinion that 
main effect interactions that may exist here are coincidental and not 
indicative of any biological oat x implant interaction. Also, in view 
of the general lack of response of steers to implant treatments in this 
trial, the data wer~ pooled across implant treatments. 
It may be noted that feed intake during this trial was quite low 
considering the weight of the steers used. Average intakes of approxi-
mately 7 kg would indicate consumption problems as ·observed by several 
other workers who studied oat feeding (Jordan, 1954; Oerskov et al., 
1974a; Gartner and O'Rourke, 1975). Although there were no statistical 
differences between oat treatments in feed consumption, there was a 
tendency for decreased particle size to be accompanied by lower intakes. 
Douglas and relson (1972) and Dinusson ~ al. (1973) also reported 
decreased intakes of oats through reduction in particle size. Owen 
~ al. (1967) used oat hulls as the sole forage for lambs and noted 
increased consumption with increased levels of oat hulls until the 
hulls were present at about the same level as they normal~y would be 
in oats. It was also noted that high-hull rations were consumed more 
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readily when they were pelleted. No such increase in consumption of 
oats was noted by this author when pelleting was used. Perhaps the 
separation of hulls from grain that may occur when oat hulls are fed 
with a concentrate different than oats resulted in consumption improve-
ment tha t was not observed in feedlot trial 2. Physical form of the 
oat hulls apparently had little influence on feed intake in this 
experiment, even though the steers fed the ground and pelleted oats 
gained fast e r. 
Feed Efficiency. The same situation existed for analyzing feed 
efficiency as was the case for feed intake. Only pen observations were 
available and the two-factor interaction term was used to test main 
effects for statistically significant differences as shown in appendix 
table 12. In light of past implant research, one would be led to 
believe that ration· x implan t interaction effects on feed efficiency 
are of limited importance. Using the two-factor interaction to evaluate 
main effects, oat treatment had a significant (P<.025) effect on feed 
efficiency. Upon comparing individual treatments, steers fed pelleted 
oats were found to be significantly more (P<.OS) efficient than steers 
fed whole oats and approached being significantly more efficient than 
steers fed rolled oats. 
Improved feed efficiency obtained with pelleting oats and 
concentrates in general has been shown by Williamson (1961), Roberts 
(1964) and Oltjen ~ al. (1965b). However, Douglas and Nelson (1972), 
Tait and Bryant (1973) and Oerskov ~ al. (1974a) have reported no 
advantage in feed efficiency for pelleting oats, barley, maize or wheat. 
57 
Particle size was not reported for the preceding trials so it is 
somewhat difficult to explain the conflicting results. Perhaps rations 
showing benefits from pelleting had particles similar in size to those 
in feedlo t trial 2 which were somewhat coarsely ground. Rations showing 
no benefit may have had particles of such a fineness as to induce rumen 
parakeratosis and other digestive upsets. Complications such as these 
have been observed by several workers when ground and pelleted rations 
were fed (Hopkins~ al., 1960; Cullison, 1961; Woods~ al., 1963; 
Oltjen and Davis, 1965; Hironaka et al . . , 1979). Steers receiving 
pelleted oats in feedlot trial 2 exhibited more adverse effects during 
adaptat ion to all-concentrate diets than the other two groups as 
evidenced by a hig4er frequency of scours and symptoms of acidosis. 
Rumens were not recovered after termination of the trial so no inference 
can be made as to the effects of pelleted oats on rumen integrity. 
However, with feed intake as an indicator, it would appear that after 
adaptation had occurred steers receiving pelleted oats had no more 
gastrointestinal upsets than steers receiving whole or rolled oats. 
Steers . fed pelleted oats appeared to have more propensity toward feedlot 
bloat and several steers on this treatment had to be esophageally tubed 
to relieve gas build-up in the rumen. 
Improved feed efficiency obtained in this trial from pelleting 
the oats may be partially attributed to improved use of the oat hulls. 
MOrrison (1956) stated that oat hulls contain less energy than wheat or 
oat straw. Possibly the grinding prior to pelleting made . the hulls 
more suscept ible to microbial attack than normal chewing could accomplish. 
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Another possibility is an i ncr e a se in total solubles and soluble starch 
of the grain portion from t he pelleting process. Hastings and Miller 
(1961) observed such phenomena when they experimented with the effects 
I 
that several methods of processing had on sorghum and corn grains. 
Diges tion and Rumen Fermentation Studies 
For purposes of , analysis and discussion, data from the two 
adaptation periods and diges tion trials were combined. Any important 
differ ences occurring betweee n trials within treatments will be brought 
out. However, an explanation f or such phenomena can be only replication 
effects. 
Rumen Fluid Samples . Lea st squares means of rumen fluid sample 
data f rom the adaptation period a re presented in table 11 and 
statistical treatment of data i s i n appendix tables 13 through 18. 
Difference in mean initial pH among the three oat treatment groups was 
less t han .15 unit with values o f 6.71 , 6.78 and 6.66 for whole, rolled 
and pelleted oats, respectively . Because initial pH values were similar, 
it seems reasonable to attribute subsequent pH differences to effects 
from processing treatment and/o r day of the adaptation period. 
Statistical analysis revealed that effects of oat treatment 
on pH approached significance (P< . lO). During the 18-day adaptation 
period, steers fed the two proc essed forms of oats had rumen fluid 
with pH values that decreased more rapidly and to a greater extent 
than steers fed whole oats. By day 18, steers fed pellet~d oats had 
the lowest pH average (5.66) with some individuals exhibiting pH values 
TABLE 11. pH AND VFA RESULTS FROM RUMEN FLUID SAMPLES 
Total 
VFA Molar % C2/C3 
Treatmenta Day pH (umole/ml) Acetic Propionic Butyric ratio 
Whole oats 1 6. 71 82.58 64.82 28.59 6.58 2.27 
4 6.73 77.93 72.56 25.36 2.08 2.86 
8 6.66 97.41 ., 64.17 30.52 5.31 2.10 
11 6.57 66.79 57.79 36.96 5.26 1.56 
15 6.40 66.89 51.80 43.24 4.96 1.20 
18 6.49 70.00 57.83 37.50 4.67 1.54 
Rolled oats 1 6.78 74.88 61.17 32.55 5.75 1.88 
4 6.64 74.38 63.15 34.40 2.45 1.84 
8 6.51 68.99 58.03 37.35 4.62 1.55 
11 6.59 67.80 61.42 34.18 4.40 1.80 
15 6.34 65.14 52.55 44.68 2.77 1.18 
18 6.07 71.43 55.29 42.33 2.37 1.31 
Pelleted oat~ 1 6.66 85.28 63.25 31.17 5.58 2.03 
4 6.63 71.10 63.41 30.79 5.79 2.06 
8 6.58 69.59 58.17 29.42 12.41 1.98 
11 6.31 72.03 53.47 33.48 13.05 1.60 
15 5.86 55.55 59.68 32.30 8.03 1.85 
18 5.66 78.83 49.52 48.07 2.41 1.03 
a· Each value shown in the table represents data averaged for nine, eight and nine animals 
for whole, rolled and pelleted oat treatments, respectively. 
\.11 
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below 5.00. Conditions of this type could reduce the activity of 
carbohydrate-fermenting bacteria and be conducive to acidosis. This 
possibility would explain the poor performance of cattle fed processed 
oats, particularly those receiving pelleted oats, during the first few 
weeks of the feedlot trial. Day effects (P<.005) and the interaction 
between treatment and day (P<.OS; see appendix table 13) contributed 
substantially to the variability in pH values. The magnitude of the 
interact ion suggests that oat type had an influence on how well animals 
were able to cope with the increase in percentage of concentrates in 
the diet over time. 
The observed trend for rumen pH to decrease with a decrease 
in particle size w&s in agreement with work reported by Rhodes and 
Woods (1962) and Putnam et al. (1966). Hopkins et al. (1960) and 
Hironaka ~ al. (1979) reported decreased feed intakes with decreased 
particle size. They also noted that the incidence of rumenitis 
accompanied the decrease in pH when rations were fed in pelleted or 
ground forms. The effect of the unnatural environment of indoor feeding 
facili ties on feed intake was hard to determine. However, steers 
receiv ing rolled and ground and pelleted oats did tend to consume 
less than animals receiving whole oats. This difference was not 
reflec ted in results obtained from the feedlot trials. However, it 
would be expected that the short-term adaptation period was more 
sensitive in registering differences in feed intake than the several 
months involved in the feedlot, indicating that any gastrointestinal 
disturbances were temporary in nature. 
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Volatile Fatty Acids. Total volatile fatty acid concentrations 
reported here are lower than those typically measured in beef steers 
fed high-concentrate diets. This may be due in part to sampling error 
but more likely from the limited consumption by the experimental animals 
in both trials . Realizing this as a concern, comparisons should still 
be valid due to the uniformity of conditions for all steers involved. 
Inspec tion of data in table 11 reveals that total VFA concen-
trations were initially and finally the highest but also the most 
sporadic in rumen flu id from steers receiving pelleted oats. Neither 
treatment (P>.25) nor the treatment x day interaction (P>.60; see 
appendix table 18) had a significant effect on total VFA concentration, 
leaving most of the variation to be accounted for by day (P = .0016) 
and individual steer effects (P = .001). Final VFA concentrations 
were less than initial concentrations, but the consistency of the trend 
was somewhat questionable. The observed tendency was in general 
agreement with that indicated by Raun et al. (1962) who reported higher 
VFA concentrations with a 50:50 concentrate to roughage ratio than when 
the ratio was 80:20. Putnam et al. (1966) and Church (1979) suggest 
that pelleting concentrates will increase VFA production. However, 
data from this trial would not solidly suppo~t such a conclusion. 
A breakdo\vn of molar percentages of individual volatile fatty 
acids and the acetate to propionate ratio obtained from each form of 
oats are presented in table 11. A decrease from day 1 to day 18 for 
molar percent of acetic acid was evident in all treatments, with 
pelleted oats sho\ving the largest effect over this period. Treatment 
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effects on mo l a r p e rcen t age of acetic acid were nearly statistically 
signif icant (P = . 1062). The values obtained during the first several 
sampling days are f airly typical for the amount of hay in the diet 
during early s tages of the adaptation. The samples taken while the 
steers were on the 100% oat diets produced acetate values seemingly 
high for a ration of this type relative to several other workers' 
results as reported by Church (1979). The high fiber content of oats 
may have contributed t o the large proportion of acetate. Galyean 
et al . (1979b) reported t hat molar percentage of acetate decreased with 
incr e asing feed intake. Since intakes for steers during the adaptation 
trial were quite low , t~at may partially explain why acetate percentages 
were s omewhat high.~ Pr ocessing did result in lower percentages of 
acetate, even though day (P<.001) and individual steers (P<.03; see 
appendix table 14) had more of an effect on this particular variable. 
However, there was a tendency for decreased acetate production with 
reduct ion in particle size that appeared more pronounced on pelleted 
oat ra tions. 
The percentage of p ropionic acid present in the rumen fluid 
increased with time for an imals on all oat treatments. This . was 
expected since the proportion of concentrate increased with time in 
the adaptation period. The resultant narrowed acetate to propionate 
ratio c ould indicate a da ptation to the all-concentrate diet. Processing 
treatments had no stat is t i cally significant (P = .4797) effect on 
propionate production. However, as alluded to earlier, day did have 
an effect (P<.001 ; see appendix table 15) on this variable. The 
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magnitude of the treatment x day interaction (P = .1415) indicates 
that changes in propionate production with time were influenced 
partially by oat form. The change in percentage propionate production 
from day 1 to day 18 for pelleted oats was about twice that observed 
for whole oats. 
It may have been interesting to have determined lactic acid 
levels in the rumen fluid samples. It was apparent from the feedlot 
trials that steers receiving processed oats presented more problem in 
getting to a full feed, but one could only speculate from symptoms that 
the problem was from subacute lactic acidosis. The propionate data 
and acetate to propionate ratios obtained in this study are in general 
agreement with those of Raun et al. (1962) and Fulton et al. (1979). 
These workers also showed increased propionate production with 
increased levels of concentrate. A narrowed acetate:propi?nate ratio 
when rations were pelleted was observed by Rhodes and Woods (1962) and 
Woods and Luther (1962). This latter fact ultimately contributed to 
steers receiving pelleted oats gaining more efficiently in the feedlot. 
However, the adaptation period for steers getting pellets was definitely 
more troublesome. Perhaps as Cullison (1961) suggested, a more active 
or a different type of fermentation occurred when pellets were fed. 
Another contributing factor to the adaptation problem may .have 
been protozoal numbers. As reported by Hironaka ~ al. (1979), 
protozoal numbers decreased with a decrease in particle size. Since 
protozoa are purported to contribute to rumen stability, a decrease 
in their number may have contribu ted to ration changeover problems 
with the pellet ed oats. 
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Butyrate , which is metabolized to a large extent in the ftmen 
wall, did not appear to be significantly affected by any of the factors 
in the model of analysis. Treatment effects approached significance 
(P<.10 ) as did individual steer effects (P = .1006; see appendix 
table 16). Pelleted oats produced the highest levels of butyrate. 
However, v alues obtained were too variable to lend themselves to any 
meaningful interpretation. 
Digestion Trial. Results for the digestion and nitrogen 
balance trials with whole , rolled or ground and pelleted oats are 
presented in table 12 and statistical treatment of data is in appendix 
tables 19 through 27. Data from one steer fed whole oats and one steer 
fed rolled oats were discarded because of inadequate feed intake to 
determine digestibility. This resulted in six, six and eight steers 
fed whole, rolled and pelleted oats, respectively. Average daily dry 
matter consumed for the 5-day trial was slightly less (P = .1262) for 
rolled or ground and pelleted oats than for whole oats. The tendency 
for decreased consumption to accompany a reduction in particle size 
agreed with results obtained by Douglas and Nelson (1972), Dinusson 
~ al. (1973) and Hironaka ~ al. (1979). Similar tendencies were · 
noted in each feedlot trial in these experiments. However, performance 
did not seem to be adversely affected by the lower feed consumption when 
compared to controls. It should be mentioned that a reduction in feed 
intake is not always a detriment to feedlot performance as is the case 
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TABLE 12. LEAST SQUARES MEANS FOR APPARENT DIGESTION COEFFICIENTS AND 
NITROGEN BALANCE DATA FOR STEERS FED VARIOUS FORMS OF OATS 
Whole Rolled Pelle ted 
Item oats oats oat's 
Number of steers 6 6 8 
Dry matter consumed per 5459 4707 4848 
steer per day, g 
Digestion coefficients, % 
Dry matter 69.11 72.53 
Crude protein 76.79a 80.59a,b 
Organic matter 70.38 73.84 
Nitrogen per steer per day, g 
Consumed 125.8a 104.1~ 
Fecal 29.7a 
Urinary 60.6a,c 
20.3b 
53.7 
Retained 35.2 30.0 
Nitrogen retained of 28.54 28.32 
nitrogen consumed, % 
a,b Means in the same row with different superscripts are 
stati~tically different (P<.05). 
c, Means in the same row with different superscripts are 
statis tically different (P<.Ol). 
70.77 
80.97b 
72.33 
102.1~ 
19.5d 
47.5 · 
35.2 
33.95 
for monensin. Digestion and rumen fermentation as well as intake are 
involved in performance and thus feed efficiency. 
Analysis of apparent digestion coefficients yielded no statistical 
differences among oat treatments except for protein digestibility. Dry 
matter and organic matter digestion coefficients for rolled and pelleted 
oats tended to be larger than those obtained from whole oats, but they 
were not statistically different. Work by Toland (1976) and Morgan and 
Campling (1978) showed processing oats increased digestibility of organic 
matter and dry matter in comparison to whole grain. However, Oerskov 
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(1974a,b) observed no benefit from pelleting various grains as measured 
by organic matter digestibility. Researchers experimenting with 
pelleting roughages and noting decreases in digestibility of org nic 
matter and dry matter compared to long-stem roughages were Long e t al. 
(1955) and Oltjen et al. (1965a). Since oats have a high fiber content, 
perhaps processing causes it to respond as much like a roughage as a 
concentrate. This digestion trial showed only small increases in 
digestibility of dry matter and organic matter associated with processing 
grain . Results of the feedlot trials would lend support that the reduced 
feed intake associated with the processed oats was utilized more 
efficiently. 
Crude protein digestibility for steers fed pelleted oats was 
higher (P<.05) than for steers fed whole oats but essentially equal to 
that for steers fed rolled oats. Increased protein digest~bility due to 
process ing was reported by Long et al. (1955) with pelleted hay and 
corn and by Tait and Bryant (1973) with dry-rolled barley. Woods and 
Rhodes (1959) observed increased nitrogen retention when high-corn 
rations were pelleted. It is established that rumen microbes utilize 
protein more efficiently with a readily available carbohydrate source. 
Since reduction in particle size of the concentrate increases the area 
of the carbohydrate available to digestion, this may partially explain 
why steers fed pelleted oats had a higher protein digestibility than 
those fed whole oats. 
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Nitrogen Balance. Steers receiving whole oats consumed more 
feed and thus more (P<.OS) nitrogen per day than steers fed either form 
of processed oats. Daily excretion of fecal nitrogen was greater (P<.05) 
I 
for steers fed whole oats than for those consuming rolled or pelleted 
oats as may be expected when considering consumption differences. An 
animal that consumes less nitrogen per day may be expected to excrete 
less nitrogen as long as the nitrogen sources are of similar availability 
and digestibility and the animal is in a healthy state. While the 
nitrogen sources were similar, indications are that the processed forms 
of oats had higher protein digestibilities. Increased digestibility 
coupled with lowered intakes should logically result in less fecal· 
nitrogen excretion. 
Urinary nitrogen, which is composed of absorbed feed nitrogen 
and endogenous nitrogen, was greater for steers receiving whole than 
for steers receiving rolled oats (P<.OS) or pelleted oats (P<.01). 
Perhaps total urinary nitrogen is not as important as the percent 
nitrogen retained of nitrogen consumed in evaluating the grain 
processing treatment. While significant differences in nitrogen intakes 
and excreted fractions wer e observed, there were no statistical differ-
ences observe' in nitrogen retained (P = .63~1) or percent nitrogen 
retained of nitrogen consumed (P = .3191) due to treatment. Given that 
an animal is consuming a reasonable amount of protein ·nitrogen per 
day, the efficiency with which that nitrogen is retained is probably 
a mor e meaningful value than the absolute amounts of excreted nitrogen 
fractions. 
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I t c an be noted from table 12 that steers fed rolled oats 
tended to retain fewer grams of nitrogen daily than steers receiving 
whole or pelleted oats. However, these differences were not statis-
tical ly significant as indicated by preliminary F-tests. A low nitrogen 
retention value was obtained in trial 1 for the rolled oats group and 
may have had an influence here. The least squares procedure possibly 
weighted this trial 1 mean unduly, causing the treatment group average 
to appear lower than it really was. 
As mentioned earlier, there were no statistical differences 
among oat treatment grou ps in percent nitrogen retained of nitrogen 
consumed, but steers on pelleted oats tended to retain more nitrogen 
than steers receiving whole or rolled oats. While these results would 
not a gree, this tendency would agree with results reported by Woods and 
Rhodes (1959). These workers found pelleting caused increased nitrogen 
retention compared to gra i n fed whole. 
Miller and Payne (1964) purported that protein utilization is 
affec ted not only by intake but also by its concentration. Their 
statement that protein ca l or ies as a percent of total calories is 
important may be pertinent her e . All-oat diets would have more than 
suff icient protein but be s hort on energy for maximum performance. If 
pelleting improved the uti lization of the carbohydrate portion , less 
of th e total protein may hav e been deaminated and burned for energy, 
with a resultant increase in nitrogen retention. This more favorable 
available protein to availab le energy ratio s hould result in increased 
per formance, which was the case for st eers r eceiving rolled oa ts in 
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feed lot trial 1 and pelleted oats in feedlot trial 2. The feasibility 
of .processing would depend , of course, on the cost of processing as 
opposed to the expected incr ease in performance. 
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SUMMARY AND CONCLUSIONS 
Two feedlot trials and two digestion trials were conducted with 
steers to determine the e ffects of processing oats on feedlot 
performance, rumen fermentation and digestion. One feedlot trial was 
120 days in duration and used 36 Angus and Angus-Hereford steers 
we i ghing about 350 kilograms. Steers were randomly allotted to one of 
six pens that had been r a n domly assigned to a whole or rolled oat 
treatme~t. A second fe edlot growing-finishing trial utilized 96 
Hereford, Hereford-Angus and Limousin-cross steers weighing approxi-
mately 288 kilograms. They were allotted at random to one of 12 pens 
in a 3 x 4 factorial design with three oat treatments and four implant 
treatments. 
Two 5-day digestion trials were preceded by a 3-week rumen 
fluid sampling period. The f i rst trial used 12 Angus steers weighing 
about 270 kg for the rumen sample collection with 10 of these steers 
used for the digestion tria l . The second trial made use o f 15 Hereford 
steers weighing 280 kg for t h e r umen sampli ng and 12 of these for the 
digestion trial. 
Feedlot trial 1 revealed no statistically significant treatment 
differences in rate of gain, feed intake or feed efficiency. However, 
steers receiving rolled oats gained 11% faster (1.05 vs .95 kg per day) 
and 12 % more efficiently ( 9.89 ~ 11.19) than steers receiving whole 
oats . All steers averaged a quality grade of low Choice, with no 
significant differences between groups in yield grades or percent 
KPH f at. 
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Feed l ot trial 2 s howed steers receiving pelleted oats (.93 kg 
per day ) to gai n fas ter (P<.05) than steers receiving rolled oats 
(.83 kg per day) and essentially faster than steers consuming whole 
oats (.84 kg per day). There were no significant differences among 
treatment group s i n f eed intake, 7.68, 7.16 and 7.43 kg per head per 
day for whole, rolled and pelleted oats groups, respectively. But, 
there was a tendency for i ntakes to decrease when particle size was 
decreased . Steers receiving pellets tended to be more efficient than 
steers on whole or rolled oats, but this difference was not statis-
t i cally significant. Fee d /gain ratios of 9.15, 8.68 and 7.97 for 
who l e , rolled and pelleted oat-fed steers indicated that improvements 
in efficiency tended to parallel decreases in particle size. , 
Rumen fluid samples taken during the adaptation period and the 
firs t 10 days on all-oat d i ets indicated no statistically significant 
treatment effects on pH, total VFA concentration, molar percentages of 
acet ic, propionic and butyric acids or the acetate to propionate ratio. 
However, day effects (P<. 005) and the treatment x day interaction (P<.05) 
for pH suggest that the f orm of oats influenced how readily the animals 
were able to cope with the adaptation to all-concentrate diets. Initial 
and final pH values of 6.71, 6 . 49; 6.78, 6.07 and 6.66, 5.66 for whole, 
rolled and pelleted oats, respectively, show that pH drops were more 
severe as particle size decreased. 
Total VFA c on centration was most influenced by day (P = .0016) 
and individual steer effects (P = .0001) . Apparently oat processing 
treatment had a limited effect on total VFA production. 
Molar percentages of individual volatile fatty acids were not 
influenced sig nifi c an tly by processing method. Treatment effects on 
the percentage o f acet i c acid produced did approach significance 
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(P = .1062), with d a y (P<.OOl) and individual steer effects (P<.03) 
having a larger effect on acetate production. However, decreased 
particle size was accompani~d by a decreased percentage of acetic acid 
production. 
Oat processing had a limited effect on the percentage of 
propionic acid produced (P . 4797). However, day caused an increase 
(P<. OOl) in percentage propionate, with processed forms of oats having 
higher molar percentages of propionic acid. 
The effect& of processing treatment on butyric acid production 
approached significance (P<.lO), but values were too variable to be 
meaningfully interp:eted. 
Acetate to propionate ratios were lower for processed oat forms 
by day 18. However, treatment effects were not as ~portant (P = .5467) 
as day effects (P<.03). Mean acetate to propionate ratios for whole, 
rolled and pelleted oat-fed steer s on day 18 were 1.54, 1.31 and 1.03, 
respectively. 
Digestion trials showed no statistically significant differences 
among oat treatment groups in dry matter consumption, dry matter 
diges tibility and o r gani c matter digestibility. However, consumption 
decreased and organic matter and dry matter digestibilities increased 
with decreased particle s i ze. Average daily dry matter consumption in 
grams , d ry matte r dige s tib i l i ty and organic matter digestibility for 
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steers fed whole, rolled and pelleted oats, respect i vely, were 5459, 
69.11 %, 70.38%; 4 707, 72 . 5 3%, 73.84% and 4848, 70.77%, 72.33%. Steers 
fed pelleted oats exhibited a significantly higher (P<.05) protein 
digestibility than steers receiving whole oats but no different from 
steers fed rolled oats . Protein digestibilities for whole, rolled and 
pel leted oats, respectively, were 76.79, 80.59 and 80.97%. 
Nitrogen consumption, excretion and retention data indicated 
that steers consumed more (P<.05) nitrogen when fed whole oats and 
e xcreted more (P<.05) feca l and urinary . nitrogen than steers receiving 
e ither form of processed oats. There were no statistical dif ferences 
among treatment groups in grams nitrogen retained per day or percentage 
ni trogen retained oj nitrogen consumed . But, steers fed pelleted oats 
retained about five percentage units more nitrogen of that consumed 
than did steers fed whole or rolled oats . 
It would appear fr om data collected in this project that 
advantages shown for oat proce ss i ng include improve gains and protein 
digestibility for ground a nd pel l eted oats. Reduction of particle 
size tended to decrease consump t i on and improve feed efficiency, but 
these differences were n ot statistically significant. Dry matter and 
organic matter digestibilitie s were also larger for processed forms 
of oats. Grinding and p e l leting oats resulted in more efficient 
retention of nitrogen which may have been due to increased carbohydrate 
utilization and less protein being burned for energy. This advantage 
in nitrogen utilization may h a v e been a . contributing factor to cattle 
gaining faster on pelleted oa ts. 
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It has been shown in this study that cattle can be at least 
partially finished on all-oat rations and that it may be favorable to 
process the oats. Oats proved to be a unique grain in that, while the 
energy and fiber contents are almost similar to some roughages, the 
feed bunk management problems were as severe as any concentrate might 
cause . Cattle had a diffic~lt time starting on oats and were quite 
sensitive to adjustments in daily feed. This reiterates a typical 
problem with oat feeding, that being feed intake. In general, animals 
used in this study simply did not consume the dry matter one would 
expec t these kinds of cattle to consume. Even implants did not appear 
to stimulate intake enough to elicit the typical gain improvements 
normally observed to accompany implantation. However, the feed 
conversions during this trial were not totally unattractive and this 
may indicate that o~ts is a reasonable alternative in times of limited 
roughage supplies. If such a substitution was attempted, it would be 
important to realize that the crude fiber content of oats may not be 
indicative of the functionality of that fiber. This was evidenced by 
the frequency of apparent digestive disorders observed which would be 
uncharacteristic of a diet with the fiber content of an all-oat ration. 
In any case, it would appear that, while oats can be used with 
some success in the feedlot, its best use probably would not be as -the 
sole finishing grain for feedlot cattle. The early performance plateau 
reached by cattle in feedlot trial 2 would lend support to the notion 
that final finishing is better accomplished with a high-energy 
concentrate such as corn. 
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Further study in t his area should include an investigation of 
the fiber portion of oats with regard to its physical and chemical 
characteristics as well a s its functionality. Substitution of oats for 
corn at various levels in feedlot rations may also be · in order to more 
ap tly describe the true value of this popular grain. 
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APPENDIX 
TABLE 1. ANALYSIS OF VARIANCE FOR AVERAGE DAILY 
GAIN IN FEEDLOT TRIAL 1 
Source 
Total 
Rep 
Trt 
Rep*Trt 
Error 
df 
34 
2 
1 
2 
29 
Mean squares 
.1712376 
.09683882 
.74566 
.40474701 
TABLE 2. ANALYSIS OF VARIANCE FOR AVERAGE DAILY 
RATION IN FEEDLOT TRIAL 1 
Source .. 
Total 
Trt 
Rep 
Rep*Trt 
df 
5 
1 
2 
2 
Mean squares 
.6733500 
.28621670 
1.0296500 
TABLE 3. ANALYSIS OF VARIANCE FOR FEED/GAIN 
IN FEEDLOT TRIAL 1 
Source 
Total 
Rep 
Trt 
Rep*Trt 
df 
5 
2 
1 
2 
Mean squares 
3912.0000 
25220.16667 
13602.6667 
84 
TABLE 4. ANALYSIS OF VARIANCE FOR HOT CARCASS 
WEIGHT IN FEEDLOT TRIAL 1 
Source 
Total 
Trt 
Rep 
Rep*Trt 
Error 
df 
33 
1 
2 
2 
28 
Mean squares 
2001.0375000 
122.2708211 
1280.4057180 
3540.56428571 
TABLE 5. ANALYSIS OF VARIANCE FOR DRESSING 
PERCENT IN FEEDLOT TRIAL 1 
Source 
Total 
Trt 
Rep 
Rep*Trt 
Error 
df 
33 
1 
2 
2 
28 
Mean squares 
8.55981510 
.14969060 
16.81574329 
3.33991940 
TABLE 6. ANALYSIS OF VARIANCE FOR MARBLING 
IN FEEDLOT TRIAL 1 
Source 
Total 
rt 
Rep 
Rep*Trt 
Error 
df 
33 
1 
2 
2 
28 
Mean squares 
.416666667 
.245014665 
.90483871 
.97857143 
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TABLE 7. ANALYSIS OF VARIANCE FOR QUALITY 
GRADE IN FEEDLOT TRIAL 1 
Source 
Total 
Trt 
Rep 
Rep*Trt 
Error 
df 
33 
1 
2 
2 
28 
Mean squares 
1.58437500 
.375659825 
1.60733138 
2.51071429 
TABLE 8. ANALYSIS OF VARIANCE FOR YIELD GRADE 
IN FEEDLOT TRIAL 1 
Source df Mean squares 
Total 33 
Trt 1 .70416667 
Rep 2 .42937439 
Rep*Trt 2 .251466275 
Error 28 .65476190 
TABLE 9. ANALYSIS OF VARIANCE FOR % KPH 
IN FEEDLOT TRIAL 1 
Source df Mean squares 
Total 33 
Trt 1 .50416667 
Rep 2 .12489003 
Rep*Trt 2 .454802055 
Error 28 .. 24226190 
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TABLE 10. ANALYSIS OF VARIANCE FOR AVERAGE 
DAILY GAIN IN FEEDLOT TRIAL 2 
Source 
Total 
Oat Trt 
Implant 
Oat Trt*Implant 
Error 
df 
92 
2 
3 
6 
81 
Mean squares 
.4839698 
.087911196 
.084670045 
.13883212 
TABLE 11. ANALYSIS OF VARIANCE FOR AVERAGE 
DAILY RATION IN FEEDLOT TRIAL 2 
Source 
Total 
Oat Trt' 
Implant 
Oat Trt*Implant 
df 
11 
2 
3 
6 
Mean squares 
1.305558335 
.236475 
.790191666 
TABLE 12e ANALYSIS OF VARIANCE FOR FEED/GAIN 
IN FEEDLOT TRIAL 2 
Source 
Total 
Oat Trt 
mplant 
Oat*Implant 
df 
11 
2 
3 
6 
Mean squares 
14053.0830 
1249.1944 
1454.5278 
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TABLE 13. ANALYSIS OF VARIANCE FOR pH DURING 
ADAPTATION PERIOD 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trt*Trial 
Day 
Trial*Day 
Trt*Day 
Trt*Trial*Day 
Day*Steer/Trial*Trt 
df 
154 
1 
2 
2 
20 
5 
5 
10 
10 
99 
Mean squares 
.56267122 
1.3467172 
.15899815 
.3483159165 
1.6693761 
.5012311 
.25645663 
.10696521 
.12079426 
TABLE 14. , ANALYSIS OF VARIANCE FOR MOLAR PERCENTAGE 
OF ACETIC ACID DURING ADAPTATION PERIODS 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trt*Trial 
Day 
Trial*Day 
Trt*Day 
Trt*Trial*Day 
Day*St eer/Trial*Trt 
df 
154 
1 
2 
2 
20 
5 
5 
10 
10 
99 
Mean squares 
5661.4721 
258.24594 
53.977436 
209.51117 
576.98114 
299.31996 
128.05122 
97.196807 
112.59351 
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TABLE 15. ANALYSIS OF VARIANCE FOR MOLAR PERCENTAGE OF 
PROPIONIC ACID DURING ADAPTATION PERIOD 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
Day 
Trial"•Day 
Trt*Day 
Trt*Trial*Day 
Day*S teer/Trt*Trial 
df 
154 
1 
2 
2 
20 
5 
5 
10 
10 
99 
Mean s quares 
5153.9178 
198.45271 
51 . 842010 
206.87802 
649.00642 
131.30574 
161.81587 
11 2.82267 
106.08389 
TABLE 16. ANALYSIS OF VARIANCE FOR MOLAR PERCENTAGE OF 
BUTYRIC ACID DURING ADAPTATION PERIOD 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
Day 
Trial*Day 
Trt*day 
Tr t*Trial*Day 
Day*St ~2r /Trt*Trial 
df 
154 
1 
2 
2 
20 
5 
5 
10 
10 
99 
Mean squares . 
50.019993 
227.20643 
33.846825 
78.429408 
90.790122 
45.014358 
45.701220 
54.715439 
52.518125 
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TABLE 17. ANALYSIS OF VARIANCE FOR ACETATE:PROPIONATE RATIO 
DURING ADAPTATION PERIOD 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
Day 
Trial*Day 
Trt*Day 
Trt*Trial*Day 
Day*Steer/Trial*Trt 
df 
154 
1 
2 
2 
20 
5 
5 
10 
10 
99 
Mean squares 
56.148651 
1.3219805 
2.4049209 
3.0484410 
5.919625 
5.3378444 
3.2125112 
2.4445339 
2.1762073 
TABLE 18. ANALYSIS OF VARIANCE FOR TOTAL VFA CONCENTRATION· 
DURING ADAPTATION PERIOD 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
Day 
Trial*Day 
Trt*Day 
Trt*Trial*Day 
Day*Steer/Trial*Trt 
df 
153 
1 
2 
2 
20 
5 
5 
10 
10 
98 
Mean squares 
187.52213 
278.66607 
597.73931 
655.96877 
921.68470 
"2218.5242 
169.54993 
78.866520 
216.46434 
TABLE 19. ANALYSIS OF VARIANCE FOR DRY MATTER 
CONSUMED IN DIGESTION TRIALS 
Source 
Total 
Trial 
Treatment 
Trial*Trt 
Steer/Trial*Trt 
df 
19 
1 
2 
2 
14 
Mean squares 
18076642. 
25737040 
23132152 
1068-7 463 
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TABLE 20. ANALYSIS OF VARIANCE FOR % DRY MATTER 
DIGESTIBILITY IN DIGESTION TRIALS 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer /Trial*Trt_ 
df 
19 
1 
2 
2 
14 
Mean squares 
26.008083 
18.274142 
53.319650 
10.657771 
TABLE 21. ANALYSIS OF VARIANCE FOR % CRUDE 
PROTEIN DIGESTIBILITY IN DIGESTION TRIALS 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer /Trial,'cTrt 
df 
19 
1 
2 
2 
14 
Mean squares 
.665682 
34.734914 
31.159129 
7.8987096 
TABLE 22. ANALYSIS OF VARIANCE FOR % ORGANIC 
MATTER DIGESTIBILITY IN DIGESTION TRIALS 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
df 
19 
1 
2 
2 
14 
Mean squares 
33.697404 
18.963579 
50.87869 
9.8712111 
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TABLE 23. ANALYSIS OF VARIANCE FOR GRAMS 
NITROGEN CONSUMED/STEER/DAY 
IN DIGESTION TRIALS 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
df 
19 
1 
2 
2 
14 
Mean squares 
46.795003 
1122.3669 
371.91562 
202.94217 
TABLE 24. ANALYSIS OF VARIANCE FOR Gruli~S FECAL 
NITROGEN/STEER/DAY IN DIGESTION TRIALS 
Source 
Total ~ 
Trial 
Trt 
Trial*Trt 
Steer/T.rial*Trt 
df 
19 
1 
2 
2 
14 
Mean squares 
. • 32221561 
208.60503 
123.38835 
32.331462 
TABLE 25. ANALYSIS OF VARIANCE FOR GRAMS 
URINARY NITROGEN/STEER/DAY 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
IN DIGESTION TRIALS 
df 
19 
1 
2 
2 
14 
Mean squares 
111.05926 
275.70615 
117.71555 
36.822940 
92 
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TABLE 26. ANALYSIS OF VARIANCE FOR GRAMS 
NITROGEN RETAINED/STEER/DAY 
IN DIGESTION TRIALS 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
df 
19 
1 
2 
2 
14 
Mean squares 
23.077813 
53.520000 
60.480700 
112.89410 
TABLE 27. ANALYSIS OF VARIANCE FOR % NITROGEN 
RETAINED OF NITROGEN CONSUMED 
IN DIGESTION TRIALS 
Source 
Total 
Trial 
Trt 
Trial*Trt 
Steer/Trial*Trt 
df 
19 
1 
2 
2 
14 
Mean squares 
47.902053 
61.65695 
60.026865 
49.68760 
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